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PREFACE 


The 5th European Malacological Congress was held in Milan, Italy, from September 3rd to 
September 7th, 1974 at the Civic Museum of Natural History, the Civic Aquarium-Hydro- 
biological Station and the Civic Planetarium, and was attended by 119 participants from 22 
countries. 

The Congress was preceded on September 2nd by a Symposium on Polymorphism of 
Gastropods, organized by Prof. C. F. Sacchi of the University of Pavia. 

The opening session took place at the Villa Comunale. Dr. Lino Montagna, Cultural Assessor 
of Milan, addressed a welcome to the participants, pointing out the importance of malacology 
from an ecological standpoint. Prof. Cesare Conci, Director of the Museum, greeted the 
participants also on behalf of Prof. Menico Torchio, Director of the Aquarium and Hydro- 
biological Station; he outlined briefly the research work on malacology carried out in Milan in 
the past and at the present and gave the history of the collections preserved in the Museum. 

After the address by Unitas Malacologica Europaea's President, Avv. Ferdinando Toffoletto, 
Dr. W. Backuys lectured on zoogeographical and taxonomical research in Macronesia, especially 
the Azores. The opening session ended with refreshments offered by the city of Milan, followed 
by the Congress dinner in the evening. 

During the following days, excursions were made to the town of Bergamo, to the Appennino 
Emiliano, to the Venetian Prealps and to Lake Garda. On the occasion of the Congress, type 
specimens of Brocchi's (1814) and De Cristofori € Jan's (1833) paleomalacological collections 
were exhibited. The general assembly of Unitas Malacologica Europaea concluded the Congress. 
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INTRODUCTION 


The communications of the 5th European Malacological Congress are once more published т 
the journal MALACOLOGIA which practically started with our association. | am glad of this, 
because in this way a unity and continuity of publication has been reached. 

| must thank first of all Prof. J. В. Burch and the staff of MALACOLOGIA, who, as usual, 
gave us their valuable help; moreover, | thank the Unitas Malacologica Europaea, the Consiglio 
Nazionale delle Ricerche Italiano, and the Societa Malacologica Italiana, for their contributions, 
which have provided for the printing of this volume. 
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PROC. FIFTH EUROP. MALAC. CONGR. 
ALLOCUTION PRESIDENTIELLE 
F. Toffoletto 


President de l’Unitas Malacologica Europaea 


Mesdames et Messieurs, 


C'est la Vème fois, depuis le lointain 1962 a Londre, que nous nous reunissons pour le 
congrés organisé périodiquement par l'U.M.E. dans le but de developer notre connaissance 
réciproque et l'échange d'informations parmi tous ceux qui, dans le monde, s'interessent aux 
etudes des mollusques. 

J'espère que cette fois aussi les travaux soient profitables et que l'échange d'opinions et de 
connaissances entre les participants puisse contribuer, comme toujours, au progres des études 
de cette branche particuliere des sciences. 

Au nom de I’U.M.E., je remercie les autorités, les illustres professeurs et hommes d'étude qui 
nous honorent de leur présence et notamment je remercie la municipalite de Milan, le Museo 
Civico di Storia Naturale et le Civico Acquario e Stazione Idrobiologica avec la contribution 
desquels il nous a été possible d'organiser ce congrés a Milan. Un remerciement aussi a la 
Direction de la societé Rank Xerox pour l'aide qu'elle nous a donnée. 

Comme vous pouvez voir dans le programme distribue a tous les participants, les travaux du 
congrés ont été groupés en sections pour donner la possibilite d'une ample discussion 
immediatement apres la presentation de chaque travail: nous avons prefere ce systeme bien que 
nous nous rendons compte que pas tout le monde pourra suivre en méme temps les travaux qui 
lui interessent. Pendant le congrés, comme c'est désormais l'habitude, il y aura une reunion de 
la Commission pour la Faune Européenne, qui se déroulera demain après-midi: les propositions 
ont été deja envoyées par le secrétariat de |’U.M.E. a tous les associés de |’Unitas; ceux qui ne 
sont pas associes peuvent en faire demande au secretariat du congres. 

Pour demain matin on а organisé, en particulier pour le dames et les parents, une excursion а 
la ville de Bergamo, qu'on a choisi car c'est peut-étre une des plus belles de la Lombardie, soit 
pour sa positions, soit pour ses monuments artistiques. 

Vendredi prochain auront lieu deux excursions, une aux alentours de Soave, pres de Verona, 
l'autre dans la region de Castell’Arquato pres de Parma. Toutes les deux vous offrent la 
possibilite de voir de riches gisements fossilifers (Eocene a Soave, Pliocene et Pleistocene а 
Castell’Arquato), ainsi que de collecter mollusques recents, peut-étre pas tres nombreux, car cet 
ete fut particulièrement sec. 

Enfin, apres le congrés, il y aura une excursion a Sirmione, sur le lac de Garda. Cette localite 
a été décrite, il y a 2000 ans, par le poète Catullo qui la nomma “‘perle des presqu'iles””; il y a 
encore la les ruines imposantes d'une villa romaine, ainsi qu’un chateau et un village du moyen 
áge, en tres bon état de conservation. 

J'espère que les jours que vous allez passer a Milan soient des plus agréables et, avant de 
passer la parole au relateur Dr. W. Backhuys, je souhaite a vous tous un bon travail. 


PRESIDENT’S ALLOCUTION 
F. Toffoletto 


President of the Unitas Malacologica Europaea 


Ladies and Gentlemen, 
For the 5th time since 1962 in London, we find ourselves at a Congress that Unitas 


Malacologica Europaea periodically organizes in order to develop reciprocal relations and 
exchange of information among those people in the world who are interested in the study of 
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mollusks. | hope that also this time the work will be useful and that the exchange of opinions 
and knowledge among the participants will serve, as it has always served, toward the 
advancement of study in this field. 

In the name of the Unitas Malacologica Europaea, | thank the officials, the illustrious 
scientists who honor us by their presence and in particular | thank the Milan Municipality, the 
Civic Museum of Natural History, the Civic Aquarium and Hydrobiological Station, for making 
it possible to organize this Congress in Milan. | also thank the National Council of Research and 
the Rank Xerox Company for their contributions to the Congress. 

As you can see from the program that has been distributed to all participants, the work of 
the Congress will be presented in Sections. This is in order to give full range to ample 
discussion immediately after the presentation of each paper. We prefer this system, even if we 
realize the impossibility of following all subjects at once. 

During the Congressional talks tomorrow afternoon, the European Fauna Commission will 
get together, as usual. Their outline has already been sent to the members of Unitas 
Malacologica Europaea by the Secretary of UME, and non-members who are interested can 
procure copies from the Secretariate of the Congress. Tomorrow morning, especially for guests 
and relatives, a tour of the city of Bergamo has been organized. Bergamo has been chosen 
because it is perhaps one of the most beautiful cities for its location and monuments in the 
Lombardy area. 

Next Friday there will be 2 tours. One in the area of Soave near Verona and the other in 
the area of Castell’Arquato near Parma. In both locations one can see truly rich specimens of 
fossil deposits (Eocene in Soave, Pliocene and Pleistocene at Castell’Arquato) and can collect 
living mollusks as well (even if not in large quantities, because this summer was exceptionally 
dry). 

After the Congress, a tour to Sirmione on lake Garda is foreseen. This location was described 
2000 years ago by the poet Catullo as the ‘Pearl of the Peninsula.’” One can still see today the 
Medieval Village and the Castle still intact, as well as the ruins of the impressive Roman villa of 
Catullo. 

| hope that these days spent in Milan prove to be most enjoyable for all of you. Before 
passing the word on to Dr. Backhuys, | would like to wish you all industrious work! 


ANSPRACHE DES PRASIDENTEN 


F. Toffoletto 


Prasident der Unitas Malacologica Europaea 


Meine Damen und Herren! 


Es ist dies das fünfte Mal seit dem weitzurückliegenden Kongress in London im Jahr 1962, 
dass wir uns wieder zusammenfinden, anlässlich des Kongresses, den die ‘’Unitas Malacologica 
Europaea” regelmässig organisiert, um unter denen, die in der ganzen Welt Interesse am 
Studium der Mollusken haben, die gesammelten Erfahrungen zu entwickeln und einen 
Gedankenaustausch zu ermöglichen. 

Ich hoffe, dass auch diesmal unsere Arbeit erfolgreich sein wird, und dass der Austausch von 
Meinungen und Erfahrungen zu einem weiteren Fortschritt in den Forschungen auf diesem 
besonderen Gebiet beitragen möge, wie es ja immer der Fall gewesen ist. 

Im Namen der “Unitas Malacologica Europaea’’ möchte ich den Dozenten, den Forschern, 
deren Anwesenheit hier wir als besondere Ehre betrachten, sowie der Gemeinde von Mailand, 
dem Museo Civico di Storia Naturale und dem Civico Acquario e Stazione Idrobiologica, deren 
Beitrag die Organisation des Kongresses ermöglicht hat, meinen Dank aussprechen. Ebenfalls 
dankbar sind wir für den Beitrag, der uns vom Consiglio Nazionale delle Ricerche und von der 
Leitung der Gesellschaft Rank Xerox zugekommen ist. 

Wie Sie aus dem Programm, das allen Teilnehmern zugestellt worden ist, ersehen können, 
finden die Arbeiten des Kongresses in mehreren getrennten Sektoren statt, um dadurch eine 
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eingehende Debatte nach der Vorlesung der einzelnen Arbeiten zu ermöglichen; man hat diesem 
System den Vorzug gegeben, auch wenn man, begreiflicherweise, nicht allen Arbeiten gleich- 
zeitig folgen kann. 

Was die Kongressarbeiten betrifft, findet—wie gewohnlich—morgen nachmittag die Versamm- 
lung der Kommission zur Erfassung der europäischen Wirbellosen statt, deren orientierende 
Vorschläge vom Sekretariat der UME bereits an alle Mitglieder der Unitas zugeschickt worden 
sind, und die für die Nichtmitglieder—soweit sie Interesse dafür haben—beim Sekretariat des 
Kongresses erhältlich sind. 

Morgen Vormittag ist für Gäste und Angehörige eine Exkursion nach Bergamo programmiert. 
Wir haben diese Stadt gewählt, weil sie zu den schönsten der Lombardei gehört, sei es für ihre 
Lage als auch für ihre Sehenswürdigkeiten. Freitag sind zwei Exkursionen geplant: eine in die 
Gegend von Soave bei Verona, die andere in die Gegend von Castell’Arquato bei Parma. Beide 
bieten die Gelegenheit, reiche Foxilvorkommen zu besichtigen (Eocän in Soave; Pliocán und 
Pleistocän in Castell’Arquato), und lebende Mollusken zu sammeln, nicht in grossen Mengen, da 
ja dieser Sommer besonders regenarm war. 

Nach dem Kongress findet abschliessend eine Fahrt nach Sirmione am Gardasee statt. Dieser 
Ort wurde vor 2000 Jahren vom Dichter Catullus als die “Perle der Halbhinsel’’ besungen. Es 
bestehen noch grossartige Ruinen der römischen Villa des Catullus, sowie das mittelalterliche 
Schloss und Dorf in ihrer Urform. 

Es ist mein Wunsch, dass Sie diese Tage in Mailand so angenehm wie möglich verbringen 
mögen, und bevor unser Referent, Doktor Backuys, das Wort ergreift, wünsche ich allen eine 
erfolgreiche Arbeit. 
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PAPERS and ABSTRACTS 


of the 


Symposium on POLYMORPHISM IN GASTROPODA 


(Milan, 2 September 1974) 
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LE POLYMORPHISME DE LA COLORATION DE LA COQUILLE 
CHEZ PACHYMELANIA AURITA (MULLER)! 


E. Binder 


Museum d’Histoire Naturelle, Geneve, Suisse 


RESUME 


Le Gasteropode Pachymelania aurita (Müller) est un Pleuroceridae d'eau saumätre extrémement abondant 
dans les Lagunes cótiéres d’Afrique occidentale. 

On le trouve le plus souvent enfoncé dans le sable, sous quelques centimétres á quelques décimétres d'eau 
trés trouble, ce qui exclut vraisemblablement toute prédation visuelle. Sa coquille est d'ailleurs remarquable- 
ment épaisse et solide et on ne lui connait pas de prédateur. Malgré cela, il présente un grand polymorphisme 
de la coloration: 

La surface externe de sa coquille est subdivisee en 7 bandes spirales contigués dont chacune peut étre 
blanche ou coloree. A cela s'ajoute une семате variabilite de la couleur des bandes qui peuvent étre noires, 
brunes, rougeátres ou jaunátres et qui sont parfois discontinues. 

Sur les 128 combinaisons théoriquement possibles de bandes foncées et claires, 32 au moins peuvent étre 
réalisées. Certaines de ces combinaisons sont très fréquentes: 47.5%, 10%, d'autres extrêmement rares: 
environ 0.05%; il y a donc des corrélations très marquées entre certaines bandes. 

Les fréquences relatives des principaux phénotypes varient d'une localité à l’autre dans une même lagune 
sans qu'il y ait discontinuité dans le peuplement et sans corrélation avec les variations—d'ailleurs faibles—du 
milieu. Ces fréquences semblent rester stables au cours de périodes de 10 ans et davantage. 


Ice travail doit paraître in extenso dans Haliotis, vol. 4. 
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LE POLYMORPHISME DE L/TTORINA SAXATILIS (OLIVI) 
(GASTROPODA, PROSOBRANCHIA) 


Jean M. Gaillard 


Laboratoire de biologie des Invertébres marins et de Malacologie 
Muséum National d'Histoire naturelle, Paris, France 


Le polymorphisme de Littorina saxatilis (Olivi) est connu de longue date. Il s'est d’abord 
exprimé par la description d'un faisceau d'especes. Dautzenberg et Fischer (1912) en ont 
elimine un certain nombre et ramene les autres au niveau de sous-especes ou de varietes, entrant 
ainsi dans l'étude de la variation intraspecifique par la creation d'un systeme de sous-especes et 
de variétés basées sur la forme, la sculpture, la couleur ou l’ornementation colorée. 

Le sujet est reste en sommeil jusqu’a ce que des publications de N. McMillan attirent 
l'attention sur l’une de ces formes, la sous-espèce nigrolineata, l’une des mieux délimitées, assez 
aisement reconnaissable a la fois par sa forme et sa sculpture, et dont la variabilité quant а la 
coloration est bien circonscrite. L'auteur a précisé ces caracteres et analyse l'écologie particu- 
liere de ce phenotype (1939, 1944). 

En 1955, des recherches anatomiques, histologiques et biologiques étaient entreprises а 
Roscoff par Deyglun. Son but était d’etudier la valeur systematique des subdivisions de 
Littorina saxatilis et en particulier le cas de nigrolineata. Le site de Roscoff était particuliere- 
ment interessant puisque des populations de cette forme y occupent un niveau cotidal different 
de celui qu'occupent les autres formes de l'espece. Les examens biometriques, l'étude du 
pourcentage des sexes, la distribution ecologique fournirent des caracteres distinctifs pour les 
deux groupes considérés, confirmant a l'auteur la valeur de la coupure entre la forme 
nigrolineata, et l'ensemble des autres aspects présentés pas l'espèce. Mais le point essentiel du 
travail de Deyglun est l'étude du mode de reproduction. L’ovoviviparite de L. saxatilis etait 
alors connue de longue date et consideree comme un caractere general de l'espece. Deyglun 
établit donc un nouveau caractère différentiel de nigrolineata en mettant en évidence l’oviparite 
de cette forme. Ceci l'amène d’ailleurs a examiner de plus pres la structure de l'appareil génital 
des deux formes. Deyglun observe que les femelles des deux formes arrivées à maturité sexuelle 
sont semblables. Il y a ensuite, chez L. saxatilis, un remaniement important de la glande à gelée 
dont les travées glandulaires se vident de toute substance sécrétée et donnent naissance aux 
septes, la cavité incubatrice étant ainsi réalisée aux dépens de la glande à gelée. Les deux modes 
de reproduction n'exigeraient donc pas une anatomie différente, mais seulement une transforma- 
tion de la glande à gelée, intervenant après la réalisation de la maturité sexuelle. Et, de fait, 
quoique l'espèce saxatilis soit unanimement connue comme ovovivipare et la forme nigrolineata 
comme ovipare, des exceptions symétriques ont été signalées; ce caractère physiologique serait 
donc sujet à des exceptions, exceptions que l'anatomie des animaux ne rend pas impossibles et 
que des dereglements hormonaux suffiraient à provoquer. 

A l'époque à laquelle le précédent travail était réalisé, le Professeur E. Fischer consacrait une 
bonne part de son activité à la bionomie intercotidale des côtes atlantiques de la France et de la 
péninsule ibérique. Ces recherches l'avaient amené à constater qu'au delà du polymorphisme de 
Littorina saxatilis, bien connu sinon décrit dans tous ses détails, il existait, au niveau des 
populations de cette espèce, un polytypisme plus remarquable encore. C'est donc ce poly- 
morphisme des populations que nous avons décidé d'étudier. 

Pour donner une idée des problèmes rencontrés il suffit de rappeller les faits concernant cinq 
populations bien localisées: nous verrons ensuite les résultats statistiques portant sur l’ensemble 
du matériel étudié. 

Afin d'éliminer les problèmes géographiques soulevés par l'étendue du domaine habité par 
Littorina saxatilis, examinons des stations très voisines les unes des autres, localisées dans la 
partie purement marine de la Ria del Barquero, située sur la côte Nord d’Espagne. Ces localités 
sont la Punta Muinos, très exposée à l'agitation, la Baie de Vares, elle aussi exposée, la Punta 
Castro Villella, la Punta Perveques et la Playa Xilloy, dont l'agitation est moyenne. 
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1) Punta Muinos. Les animaux appartiennent tous a la méme categorie; ¡ls sont lisses et 
d'une teinte uniforme gris-verdátre. 

2) Baie de Vares, a 3 km de la localité precedente. Ce sont des animaux а coquille costulee 
de facon plus ou moins forte. Leur coloration est tres variable; elle forme des tirets sur les cótes 
ou dans le fond des sillons. Ces tirets peuvent étre bruns ou blanchátres sur une teinte de fond 
allant du jaune verdátre au brun. L’opposition de teinte entre tirets et teinte de fond est si 
variable que quelques exemplaires tendent а рагайге uniformes. Dans d'autres les lignes brunes 
des sillons sont continues, les tirets blancs absents. Tout cela est tres varie, les limites 
impossibles а tracer. 

3) Punta Castro Villela, a 3 km de la localité precedente. Ici tous les animaux sont du méme 
type. La coquille est fortement costulée, sa teinte uniformément jaune. 

4) Punta Perveques, a 2 km de la localité precedente. Les animaux se repartissent entre deux 
catégories nettement différenciées, sans aucun intermédiaire. ll y a 75% d’animaux à coquille 
jaune fortement sculptée et 25% d'animaux dont la coquille, de même sculpture, est parcourue 
de lignes spirales brunes localisées dans le fond des sillons, tandis que la teinte générale est 
grisâtre. 

5) Playa Xilloy, a 2 km de la localité précédente. Ici les variétes sont nombreuses: 69% 
d'animaux à coquille jaune, 4% orangé, 2% ont leurs sillons parcourus par des lignes nettes et 
continues, 6% ont des lignes pâlies, 4% ont des lignes discontinues, 5% ont les lignes de la 
région équatoriale pâlies ou absentes, les autres lignes étant nettes. Chez 4% le sillon est moins 
pigmenté que les côtes, chez 6% ce sillon clair est parcouru par une ligne brune. 

Ces analyses ne donnent qu'une idée incomplète des aspects que peuvent prendre les 
populations de Littorina saxatilis, tout comme des aspects que peuvent présenter les individus. 
Elles nous permettent néanmoins de faire un certain nombre de constatations. Parmi ces ста 
populations, deux, les nos. 1 et 3 sont homogènes, mais elles sont totalement differentes l’une 
de l’autre, tant par leur coloration que par leur sculpture. Dans la premiere les coquilles sont 
lisses et gris-verdätre, dans la seconde, elles sont tres costulées et jaunes. Deux autres 
populations, celles des localités no. 2 et 5, sont hétérogènes quant à l'aspect presente par les 
coquilles. Les variétés sont nombreuses; toutefois les intermédiaires entre celles-ci se présentent 
tres différemment dans l’un et l’autre cas. Enfin la population no. 4 est constituée d’animaux 
de deux types bien différents, sans aucun intermédiaire. Ce cas n'est pas unique, bien qu'il soit 
moins fréquent que les deux autres cas. On se demande comment les phénotypes intermédiaires 
peuvent être totalement absents en certains points alors qu'ils existent dans des localités 
proches. 


JE ELN E 


Si Гоп examine l'ensemble de nos 250 stations iberiques on peut noter que 37 d'entre-elles 
sont habitées par des populations homogenes. Dans 78 stations, plus de 80% des individus 
peuvent étre rattaches a une méme variété, enfin dans les 135 autres stations, soit plus de la 
moitié des stations visitées, aucune variété n'atteint à un tel pourcentage de dominance. Si l'on 
examine le nombre de variétés presentes dans l'ensemble des populations iberiques on peut 
noter qu'une station sur cinq réunit plus de cinq variétés, le nombre de celles-ci pouvant 
atteindre le nombre de onze. 

L'étude statistique de l'ensemble des 250 populations espagnoles et portugaises a d'autre part 
permis de noter que les diverses variétés ne se répartissent pas également sur l'ensemble des 
côtes; certaines existent sur l'ensemble de ce domaine côtier; tandis que d'autres sont mal 
représentées ou même tout à fait absentes de certains secteurs. D'autre part certaines variétés de 
couleur semblent favorisées dans certains types de stations. Leur présence est plus où moins 
fréquente et leur abondance plus où moins grande selon que ces stations sont calmes ou 
agitées, normalement salées ou saumátres. Enfin l'examen de la répartition des diverses formes 
de sculpture effectue dans quelques groupes de stations situés tant en Espagne qu'en France, 
indique l'existence de relations entre le degré d'agitation de l'eau et le développement de la 
sculpture. II semblerait donc que ces caractères de coloration et de costulation soient associés а 
des caractères physiologiques, et que certaines au moins des variétés morphologiques puissent 
être également considérées comme des variétés physiologiques. 

Une partie de ces publications a été réalisée en collaboration avec un parasitologue gallois, le 
Dr. B. S. James. Celui-ci était venu à la malacologie devant la nécessité où il se trouvait de 
nommer de façon précise les hôtes des parasites qu'il étudiait. И aboutit, dans des travaux 
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réalisés indépendamment de notre equipe, à isoler quatre sous-espèces, en 1964, puis six 
sous-espèces, en 1968. Celles-ci sont fondées non seulement sur des caractères conchylio- 
logiques, mais aussi sur la pigmentation du corps, sur le nombre et la disposition des glandes 
peniales et sur les niches écologiques étudiées. L'étude des parasites ne lui a pas permis de noter 
de relations remarquables entre Trématodes et sous-espèces; mais, le nombre des observations 
étant réduit, l'argument ne peut'être retenu. Cependant, dans la discussion finale de son travail, 
James écrit: “La prise en considération des stations dans lesquelles des formes différentes se 
présentent sans intermédiaires suggère que Littorina saxatilis devrait être divisée en au moins 
une douzaine d'espèces. A l'opposé, la prise en considération d'autres sites, avec les mêmes 
formes et des intermédiaires suggère que le concept d'une seule espèce variable devrait plutôt 
être retenu. La dernière opinion demeure préférable jusqu'à ce que nos connaissances soient 
plus avancées, en particulier sur l'aspect génétique.” Il semble donc que James lui-même, apres avoir 
dressé un système cohérent basé sur des caractères nombreux, estime ces résultats comme provisoires. 

De son coté, Pettitt, en 1971, a énergiquement cherché à mettre en évidence le rôle des 
prédateurs et de la sélection qu'ils exercent pour expliquer les divers aspects sous lesquels les 
potentialités morphologiques de Littorina saxatilis s'expriment: d'une station à une autre. Ces 
conclusions indiquent qu'il y a là une voie explicative pour certaines observations. 

Enfin Sacchi a publié en 1974 un important rapport de synthèse sur le polychromatisme des 
diverses espèces de Littorines des mers d'Europe. Ce texte est tres riche en points de vue 
personnels. De plus l’auteur fait part d'observations originales, à paraître dans des travaux deja 
sous-presse, dont lui même ou ses élèves sont les auteurs. Il indique en particulier la presence, le 
long du Grand Canal, à Venise, de populations de Littorina saxatilis présentant une importante 
variabilité. Ceci est surprenant car il s’agit d'une localité extrêmement isolée de l'aire generale 
de répartition de cette espèce. En effet on ne connait, en tout et pour tout, que deux localités 
en Méditerranée, Venise et l'île de Djerba, en Tunisie. 

Mais ce cas de station isolée, et néanmoins riche en variétés, n’est pas unique; un autre 
exemple nous en a été fourni récemment par une publication de Kilburn (1972), signalant 
Littorina saxatilis à 100 km au Nord du Cap. A la surprise de voir signaler cette espèce, à 
l'extrémité méridionale de l'Afrique, à 8000 km de la plus proche station connue, s'ajoute celle 
de constater qu'elle se présente là avec un important polymorphisme. Le plus souvent bleutee, 
elle peut aussi être orange, brune, brun noir et parfois aussi ornée de lignes spirales noires. 

Malgré leur éloignement des autres populations de l'espèce, qui exclut de façon absolue tout 
échange génique, ces deux populations ont donc maintenu le niveau de leur variabilité. Et ceci 
est extrêmement important en comparaison des populations homogènes qui ont éte signalées au 
voisinage même de populations riches en phénotypes variés. 

Les résultats discordants obtenus par ces recherches descriptives ont rendu nécessaire la mise 
en oeuvre d'autres techniques. En 1970, Wium-Andersen a examiné les résultats donnes 
par l’electrophorese sur gel de polyacrylamide d'extraits de bulbes bucaux de trois espèces de 
Littorines. L'auteur a au cours du même travail comparé divers lots de Littorina saxatilis 
provenant du Danemark et du Groenland. Selon les populations des différences importantes 
dans la fréquence et la répartition des bandes concernant l'hémoglobine et diverses protéines 
ont été mises en évidence. Ce travail a malheureusement été sans suite. 

Sur ce même sujet, je ne peux qu'évoquer le travail de Heller (1974), qui, au Pays de Galles, 
a pu établir la subdivision de cette espèce en quatre espèces en se basant essentiellement sur les 
bandes plus ou moins nombreuses ou plus ou moins larges tracées par deux estérases lors de 
l'électrophorese. Ce travail n'est malheureusement connu que par un tableau non commenté 
(“The Littorinid tidings,”” no. 1, р. 9a). Il faut attendre la publication complete du travail du 
Dr. Heller pour pouvoir mettre ses résultats en parallele avec les observations ou conclusions des 
autres auteurs. 

En се qui concerne la génétique formelle, elle necessiterait des elevages. Ceux-ci ne posent 
pas de difficultes particulieres chez cette espece tres rustique, dont le développement se deroule 
sans l'intervention de phase pélagique. La difficulté provient de la longue durée indispensable а 
l'obtention de générations successives. J'ai tenté cette expérience. Partant de jeunes prélevés 
dans la poche incubatrive d'une femelle j'en ai réalisé l'élevage; une durée de huit mois a été 
nécessaire pour obtenir qu'à leur tour ils libèrent la génération suivante. Des sélections, des 
croisements nécessiteraient plusieurs années et des installations d'autant plus importantes qu'il 
faudrait contrebalancer ce délai par de multiples expériences simultanées. 
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Ce compte-rendu des opinions émises par les auteurs en face des problemes poses par la 
variabilité intraspecifique de ‘’Littorina saxatilis'” est loin d'être exhaustif. Le haut degre de 
variablité au niveau des individus a conduit a une multiplication des denominations. Les auteurs 
ont fréquemment tenté d'ordonner celles-ci en systemes hiérarchises de sous-especes et de 
variétés, voire méme d'especes-soeurs. Ces divers systemes basés sur des criteres differents ont 
amene a des resultats qui sont loin de concorder. 

La distribution géographique ou écologique de certains phenotypes indique l'existence de 
liaisons entre des caracteres morphologiques et des caracteres physiologiques; ainsi il semble que 
des relations existent entre certains types de sculpture et la tolerance а certains caracteres 
physico-chimiques du milieu. On serait tente de penser а l'existence de varietes ou races 
ecophysiologiques. 

L’ovoviviparite de l'espece et le compartimentage du milieu intercotidal aux niveaux eleves 
ont été mis en avant, а juste raison, comme frein, voire comme barriere, aux echanges geniques, 
et comme causes а l'existence du polytypisme mis en évidence par l'analyse сотрагёе des 
populations. Certains de celles-ci presentent a la fois la realisation de nombreuses potentialites 
de l'espece; à l'oppose, la variabilité est si réduite dans d'autres populations qu'on peut les dire 
monomorphes. S'agit-il, dans ce dernier cas de la disparition d'un certain nombre de 
potentialites, ou bien, au contraire, celles-ci sont elles seulement masquees genetiquement? 
Aucune expérience n’a été tentée à ce sujet, mais il semble que c'est de l'étude comparée de 
populations monomorphes et de populations à variabilité exacerbee que des réponses pourront 
étre trouvees aux questions posees. 


BIBLIOGRAPHIE 


DAUTZENBERG, Ph. & FISCHER, H., 1912, Mollusques provenant des campagnes de l'Hirondelle et de la 
Princesse Alice dans les mers du Nord. Résu/tats des Campagnes scientifiques du Prince Albert de Monaco, 
37: 

DEYGLUN, С., 1955, Biologie comparée de deux sous-espèces de Littorina saxatilis Olivi. Diplôme d'Etudes 
Supérieures, Faculté des Sciences de l'Université de Paris. 

FISCHER-PIETTE, E. € GAILLARD, J.-M., 1960, Etudes sur les variations de Littorina saxatilis. И. 
Modifications des caractères au long des estuaires et rias. J. Conchyliol., 100: 10-37. 

FISCHER-PIETTE, E. € GAILLARD, J.-M., 1961, Id. Ill. Comparaison des points abrités, au long des côtes 
françaises et ibériques. Bull. Soc. Zool. France, 96: 163-172. 

FISCHER-PIETTE, E. & GAILLARD, J.-M., 1966, Id. VII. Des populations changent actuellement d'aspect. 
Cah. Biol. mar., 6: 375-382. 

FISCHER-PIETTE, E. € GAILLARD, J.-M., 1968 (1969), Id. (neuvieme publication). Exemple de 
distribution d'une variété donnée. Ма/асо/. Rev., 1: 103-118. 

FISCHER-PIETTE, E. € GAILLARD, J., 1971, La variabilite (morphologique et physiologique) des Littorina 
saxatilis (Olivi) ibériques et ses rapports avec l'écologie. Mém. Mus. Nat. Hist. Nat., п. s., ser. A, Zool., 70, 
89 p. 

FISCHER-PIETTE, E., GAILLARD, J.-M. € DELMAS, D., 1966 (1967), Id. VIII. Les populations de la Ria 
de Camariñas. Bull. Mus. Nat. Hist. Nat., 38: 874-897. 

FISCHER-PIETTE, E., GAILLARD, J.-M. & JAMES, В. L., 1963, Id. V. Deux cas de variabilite extréme. 
Cah. Biol. mar., 4(1): 1-22. 

FISCHER-PIETTE, E., GAILLARD, J.-M. & JAMES, В. L., 1964, Id. VI. Quelques cas qui posent de 
difficiles problèmes. Cah. Biol. mar., 5: 125-171. A 

FISCHER-PIETTE, E., GAILLARD, J.-M. & JOUIN, С., 1961, Etudes sur les variations de Littorina saxatilis. 
IV. Comparaison des points battus, au long des cótes européennes. А. Cótes iberiques. Bull. Soc. Zool. 
France, 86(2-3): 320-328. 

GAILLARD, J.-M., 1972, Comparative observations on speciation in two species of Prosobranchs, Gibbula 
cineraria (Linné) and Littorina saxatilis (Olivi). Malacol. Rev. 6: 53-54. 

ae J., 1974, Taxonomy of the Littorina saxatalis, species complex. Littorinid tidings, no. 1, pp. 7,9 

a. 

JAMES, B. L., 1964, voir FISCHER-PIETTE, E., GAILLARD, J. M., & JAMES, B. S. 

JAMES, B. L., 1968, The characters and distribution of the subspecies and varieties of Littorina saxatilis 
(Olivi) in Britain. Cah. Biol. mar., 9: 143-165. 

KILBURN, R. N., 1972, Taxonomic notes on South African marine Mollusca (2) with the description of new 
species and subspecies of Conus, Nassarius, Vexillum and Demoulia. Ann. Natal Mus., 21(2): 391-439. 

McMILLAN, N. F., 1939, Littorina saxatilis nigrolineata Gray. J. Conchol., 21(6): 173-174. 

McMILLAN, N. F., 1944, Notes on Littorina saxatilis (Olivi). J. Conchol., 22(5): 100-103. 

PETTITT, Ch., 1971, Studies on the polymorphism, distribution and laboratory culture, submitted for Master 
Sci. Degree, University of Manchester. 

SACCHI, C. F., 1974, Le Polychromatisme des Littorines (Gasteropodes Prosobranches) d’Europe, points de 
vue d'un écologiste. In ‘’Le Polymorphisme dans le règne animal, Mém. Soc. Zool. France, 37. 

WI ipa aie G., 1970, Haemoglobin and Protein Variation in three species of Littorina. Ophelia, 8: 


MALACOLOGIA, 1977, 16(1): 15-19 
PROC. FIFTH EUROP. MALAC. CONGR. 


LE POLYMORPHISME DES GASTEROPODES ET LA POSSIBILITE 
D'IDENTIFIER ET DE LIMITER L'ESPECE AVEC DES 
METHODES BIOCHIMIQUES 


Alexandru V. Grossu 


Faculte de Biologie, Spz. Independentei 93, Bucaresti, Roumania 


RESUME 


L'étude des populations révéle souvent l'existence d'un polymorphisme accentué qui 
rend parfois difficile la determination des especes suivant la conception nominaliste- 
typologique. Dans la nouvelle systématique l'idée de l'existence d'une espèce polytypique 
prend de plus en plus forme, avec des populations présentant un haut degré de variabilité. 
Malgré l'existence d'espèces ayant une large variation, normale dans le procès de 
l'évolution et de la spéciation, la systématique actuelle recherche des caractères conserva- 
tifs pour définir le taxon, malgré les changements d’adaptation et de convergence, 
caractéres qui contiennent la plus grande quantité d'information évolutive et qui répré- 
sentent en même temps l'expression la plus fidèle du génome. Pour résoudre ce problème 
la nouvelle systématique a essayé avec succès d'employer à titre de comparaison des 
caractères morphologiques au niveau de la structure moléculaire, en s'aidant des tech- 
niques et des résultats de la biochimie. 

Sans tenir compte de la variation des individus d'une population, on a constaté que la 
facteur qui détermine la forme et la fonction de l’organisme se trouve en relation directe 
avec les acides nucleiques et la structure des substances protéiques, qui transmettent aussi 
le message génétique. Pour que ces principes puissent étre utiles en systématique, on a 
cherché des méthodes rapides et faciles á appliquer qui puissent fournir des informations 
de ce genre. Parmi les nombreuses méthodes nous avons utilisé les propriétés électro- 
phoretiques des protéines, dans des études taxonomiques comparatives. L’électrophorése 
des substances protéiques en gels concentrés d’amidon ou de polyacrylamide sépare les 
protéines des mixtures sous l'influence d'un champ électrique appliqué, en obtenant des 
modéles électrophorétiques représentés par une succession de bandes. Le nombre, la 
position et l'intensité de ces bandes est caractéristique de chaque espèce, et ces modèles 
étudiés par comparaison peuvent conduire á la solution de certains problémes de 
systématique et de taxonomie qui n'ont pas pu étre résolus par les critéres classiques. 

A l'aide de ces méthodes qui comportent un haut degré de technicité, nous avons 
reussi á individualiser une serie d’especes semblables, telles que Limax cinereoniger et L. 
zilchi, Campylaea trizona et Ca. balcanica, et la sous-especes dobroudscha a été attribude 
à Са. balcanica et non pas à Ca. trizona, comme elle l'était dans la description classique, 
Chilostoma (Dobracia) banatica et Ch. maeotica, etc. On a constaté aussi que cette 
méthode met en évidence la constance des caractéres protéiques, sans égard pour la large 
variation de l'espèce ou du polymorphisme, comme par exemple chez A/opia canescens, 
A. livida, Ca. faustina, etc., en obtenant toujours des modéles électrophorétiques 
identiques. On a résolu de la même manière le problème de l'amphidromie, acceptée par 
quelques spécialistes pour certaines espèces du genre А/орга, en obtenant toujours des 
modèles différents pour les formes dextres ou sénestres, ce qui prouve qu'il y a des 
espèces distinctes, même si elles ont une distribution sympatrique. On a constaté aussi 
chez les espèces appartenant à certaines genres (A/opia, Deroceras, Cochlodina, etc.) 
l'existence commune de quelques bandes dans les modèles électrophorétiques comparés, 
qui permettent de les grouper dans le même genre. 

En appliquant les critères biochimiques en taxonomie, il faut pourtant tenir compte 
d'une série de correctifs concernant l'âge, le sexe, le matériel étudié (sérum, muscle, 
tégument, etc.), afin d'éviter des erreurs, la pratique de cette méthode exigeant aussi une 
bonne connaissance des critères classiques. 


Dans la systématique des Gastéropodes on rencontre souvent des difficultés pour déterminer 
certaines espèces à l’aide des descriptions classiques, et les exemplaires-types conservés dans les 
musées ne nous aident pas beaucoup, car ils représentent l'especes sous un certain aspect 
seulement. L'étude des populations révèle une large variation des individus d'une espèce en ce 
qui concerne la forme, la couleur, la dimension et parfois même la variation de certains 
caractères anatomiques. A cause de ce polymorphisme qu'on remarque surtout chez certaines 
espèces de Gastéropodes, il est difficile de séparer une espèce d'une autre et surtout une espèce 
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de ses sous-especes. Souvent méme le groupement des especes par genre et familles presente des 
difficultés, de sorte que dans ces circonstances les systematiciens employent des principes et des 
caractères relatifs, souvent subjectifs. Toutes ces observations, а côté d'autres, ont conduit a une 
nouvelle systematique, contraire a la conception nominaliste—typologique des systematiciens des 
periodes precedentes. Cette nouvelle orientation n'exclut pas les recherches classiques de 
taxonomie et de systématique; elle se caractérise par le remplacement et la definition 
typologique de l'espèce par l'espèce polytypique, composée de différents populations a 
l'interieur desquelles les caractères manifestent un certains degré de variabilité. Les observations 
plus attentives sont faites surtout concernant les espèces dont l'identification et la position 
systématique est incertaine. 

La selection naturelle, acceptée comme mécanisme de l'evolution des organismes, determine 
le soi-disant probleme de la dualité systématique, d'apres le nom que lui donna Jokal en 1964: 
d'une part les organismes sont consideres comme faisant partie d'unites fixes, dont les caracteres 
peuvent étre consideres stables (conformément aux principes de Linne), et d'autre part il sont 
consideres comme resultant d'un proces évolutif mis en evidence par la variation continue des 
caracteres (Lamarck-Darwin). On tient donc compte des caracteres d'un taxon dans une periode 
donnée, ce taxon étant cependant en fait une petite part d'une chaine evolutive tout entiere, 
pouvant étre considere comme étant stable pour un laps de temps relativement bref. Par 
consequent la principale preoccupation de la systematique actuelle est de trouver le caractere 
conservatif, c'est-a-dire celui qui procure des arguments au sujet de la definition du taxon, en 
depit des changements d'adaptation ou de convergence qu'on peut observer au sein d'une 
population. Les influences du milieu environnant, produisant des modifications morphologiques, 
n’entrainent pas еп méme temps des modifications profondes au niveau de genome, c'est-a-dire 
que les accumulations quantitatives ne provoquent pas immediatement des changements 
qualitatifs, mais le saut qualitatifs apparait brousquement au terme d'une long processus 
d'accumulations quantitatives, ce qui explique la speciation. La pratique montre cependant que 
tous les caracteres n'évoluent pas avec la méme vitesse, qu'il y a certains caracteres plus ou 
moins conservatifs pouvant fournir des indices precieux. Le probleme le plus important consiste 
donc dans le choix de ces caracteres qui contiennent la plus grande quantite d'information 
evolutive, qui representent la plus fidele expression de genome. Un essai de resoudre се 
probleme consiste, dans la systematique nouvelle, dans la comparaison des caracteres mor- 
phologiques au niveau de la structure moleculaire. Ceci est devenu possible par suite de rapide 
developpement de la biochimie et du perfectionnement de ses techniques. 

Malgre le polymorphisme qu’on remarque couramment chez les individus d'une population, 
on a constate que le facteur qui determine la forme et les fonctions d'un organisme est en 
relation directe avec les acides nucleiques et la structure des proteines, qui transmettent en 
méme temps le message genetique d'une generation a l'autre. En ce sens la molecule proteique 
est une expression directe, phenotypique, du gene, pouvant étre consideree (Sibley, 1964) 
comme une molécule informatrice pour la taxonomie. Pour que ces principes puisent étre 
utilises en systématique, il a fallu trouver des méthodes rapides et aisément utilisables qui 
puissent fournir de telles informations, même partielles, en tenant compte de la variabilité 
inhérente du matériel biologique (âge, sexe, stress, etc.), ainsi que des artefacts inévitables dans 
les opérations expérimentales. 

Par la multitude des operations, par l'intimité des caracteres observes, la systématique n'est 
plus le résultat d’appreciations subjectives, et malgré les larges variations qu'on peut observer 
dans la morphologie exterieure ou même dans l'anatomie de certains organes chez certaines 
espèces, nous pouvons trouver des caractères constants pour une période donnée, qui permet- 
tent une identification plus sûre. 

En ce sens ont ete utilisées jusqu'à présent plusieurs méthodes ayant leurs avantages et leurs 
limites—non seulement pour les mollusques, mais pour presque tous les groupes d'animaux. On 
connait les résultats des études serologiques pratiquées déjà en systématique par Nuttal (1904) 
et continuées avec succès par Michelson (1966) dans la systématique des Planorbides et des 
Limnéides, et par d'autres chercheurs pour d'autres groupes de Mollusques. On a utilisé aussi la 
technique de l'immunodiffusion et l'immunoëlectrophorèse en gel d’agar de la mixture proteique 
étudiée, en tenant compte d'une série de variations dues au grade de maturation, au tissu 
analyse, etc. Des résultats très intéressants ont été obtenus surtout par Wright pour la révision 
du genre Bulinus. 

Au cours de nos recherches et observations, nous avons utilisé les propriétés électro- 
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phorétiques des protéines, dans les études comparatives faites dans un but taxonomique et 
systématique. L’electrophorese est basée sur le mouvement des particules a charge électrique, 
suspendues dans un liquide, sous l'influence de l'application d'un champ electrique. La 
séparation electrophoretique des particules dans les mixtures résulte de la vitesse différente de 
leur migration dans le champ électrique. Cette vitesse dépend de la charge électrique de la 
molecule, qui est déterminée à son tour par le degré de dissociation à un pH donné et par 
l'interaction avec les ions de la solution tampon. Pour l'étude des propriétes electrophoretiques 
des proteines nous avons utilise d’abord l'electrophorese libre en phase liquide et comme 
support pour la migration des milieux solides impregnes par des solutions tampon—surtout le 
papier-filtre spécialement traite—en obtenant ce qu’on appelle l'électrophorese de zone, 
produisant certaines bandes par leur fixation et leur coloration. 

Dans le dernier temps nous avons utilisé avec succes l'électrophorèse en gel concentre 
d'amidon ou de polyacrylamide pour séparer les protéines des mixtures. Dan ce cas, la position 
finale de chaque protéine ne depend pas seulement du degré de dissociation, mais aussi de la 
forme et de la dimension des macromolécules parce que le gel qui sert comme support à la 
migration, forme un vrai ‘‘tamis’’ moléculaire. Les protéines sont mises en évidence par diverses 
techniques histochimiques à l’aide de colorants ou d'enzymes qui decelent leur activité. Le 
resultat final de cette electrophorese est concretise par l'obtention de ‘‘modeles’’—sur un 
support rectangulaire en gel d'amidon—ou un support cylindrique en gel d'acrylamide—sur 
lesquels on observe un nombre variable de bandes, de différentes grosseurs, diversement 
groupées, ayant une vitesse de migration qui varie d'une espece a l’autre. Chez des individus de 
la même espèce on obtient toujours des modèles identiques—bien entendu en utilisant les 
mêmes méthodes de travail—fait d'une importance particulière dont nous nous sommes servis 
dans nos travaux taxonomiques. Les protéines ont été obtenues d'un extrait musculaire 
resultant de l'homogenisation d'un fragment du muscle pédieux, l'extraction étant faite dans un 
liquide Carriker et par centrifugation. Dans certains cas, quand nous avons en affaire à des 
espèces de dimensions plus grandes, nous avons travaillé aussi avec des protéines prises dans 
l'hemolymphe ou dans un extrait d'intestin. Dans le cas d'éspeces tres petites, nous avons utilisé 
l'animal tout entier (sans coquille). 

Cette méthode de travail nécessite des animaux vivants, des appareils spéciaux et la 
connaissance d'une certaine technique, ainsi que la collaboration d'un laboratoire de biochimie. 
Nous avons employé une technique déjà utilisée par Davis, Lindsay et Wright pour l'électro- 
phorèse de protéines de l'extrait musculaire en solution saline à basse puissance ionique— 
technique et appareils modifiés parfois par mon assistant dr. С. Tesio-et décrite dans les 
travaux parus à ce sujet. 

En relation avec le polymorphisme de certaines espèces de Gastéropodes et d'autres 
problèmes touchant la taxonomie et la systématique, en utilisant cette méthode biochimique, 
nous sommes arrivés à des résultats que les méthodes classiques utilisées par nous depuis plus de 
40 ans ne nous avaient pas permis d'obtenir, tels que: 

1. La ressemblance entre Limax cinereoniger Wolf et L. zilchi Grossu & Lupu, la premiere 
espèce ayant une distribution dans la zone montagneuse de Roumanie, et la seconde dans les 
forêts de la plaine (sylvo-steppe), a suscité des grandes difficultés pour leur séparation. En 
utilisant la methode décrite ci-dessus, nous avons pu constater que nous avons réellement affaire 
a deux espèces distinctes mais très voisines, en obtenant des modèles électrophorètiques 
différents, leur ressemblance étant le résultat d'une convergence. Chez les deux espèces on 
constate un polymorphisme tres accentué en ce qui concerne leur couleur et leurs dimensions. 

2. Campylaea trizona Rossmaessler et C. balcanica Kobelt, cette dernière ayant été pendant 
longtemps considèrée comme une sous-espèce de C. trizona, sont très semblables du point de 
vue de leur aspect extérieur et de leur système sexuel. Par l'électrophorese des substances 
proteiques on obtient des modèles séparés, ce qui indique l'existence de deux espèces distinctes, 
allopatriques; la sous-espèce dobroudscha Clessin, isolée en Dobroudscha (Roumanie) appartient 
a C. balcanica et non à C. trizona, comme ont cru pendant longtemps des nombreux 
spécialistes. 

3. Par l'étude électrophorétique des substances proteiques de Chilostoma (Drobacia) banatica 
Rossmaessler et C. maeotica Wenz—cette dernière espèce récemment trouvée vivante en 
Roumanie—qui sont très semblables entre elles, et dont l'anatomie du systeme sexuel ressemble 
a celui d'Arianta arbustorum Linnaeus, nous avons obtenu des modèles electrophorétiques 
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differents, ce qui prouve qu'il s'agit d’especes indépendantes, tres proches entre elles, pouvant 
donner lieu a des confusions quand elles sont déterminées par les methodes classiques. 

4. Campylaea faustina Rossmaessler, C. trizona Rossmaessler, A/opia canescens Charpentier, 
A. livida Menke et beaucoup d'autres especes temoignent d'un polymorphisme accentue. Par 
l'électrophorèse des substances protéiques on a toujours obtenu des modeles identiques pour des 
individus appartenant а diverses populations de la méme espece, ce qui confirme la stabilite des 
substances proteiques en dépit de certains caracteres morphologiques tres differents. II est 
remarcable qu’en ce qui concerne l'espece A. canescens, ayant une large distribution geo- 
graphique et en méme temps une large variation des populations, ce qui a conduit a la 
description de nombreuses sous-especes—on a toujours obtenu des modeles electrophoretiques 
identiques, indiquant que celles-ci appartiennent a la méme espece, en depit du fait que du 
point de vue morphologique nous sommes enclins а les considerer parfois comme appartenant a 
d’autres especes. 

5. Si on analyse la morphologie (coquille) et parfois même l'anatomie de l'appareil sexuel 
d’Alopia canescens haueri Blz., A. cyclostoma albicostata Kimakowicz et A. soosi Agoczy et 
Pocz., on arrive tres difficilement a les separer, а cause de leur grande ressemblance. Cependant, 
a l’aide de modèles électrophorétiques nous avons constaté une nette difference entre elles, 
prouvant qu’elles appartiennent a des especes independantes. 

6. On a résolu aussi le probleme d’amphidromie chez quelques espèces du genre A/opia, 
ayant une morphologie tres semblable et se distinguant seulement par la coquille, dextre ou 
senestre. L’electrophorese a donné des modèles différents, d'où on a conclu qu'il s’agit d'especes 
independantes-senestres ou dextres—méme si elles ont une distribution sympatrique. Ces 
resultats sont importants, car on a longtemps pense que certaines especes peuvent avoir la 
coquille dextre aussi bien que senestre. 

Nos observations biochimiques ont eu pour objet aussi d'autres aspects, en arrivant a des 
conclusions tres interessantes pour la phylogenie de certaims groupes, nous avons гетагаие par 
exemple que toutes les especes du genre A/opia ont dans leurs modeles électrophoretiques 
certaines bandes communes, ayant la méme vitesse de migration et la méme intensite, ce qui 
nous а amené a penser qu'il existe un caractère commun pour la genre A/opia, malgré la vaste 
gamme des variations anatomiques qui est caracteristique des especes. Une bande commune a 
ete trouvé aussi chez les especes d'autres genres ou la méme groupe de bandes, ce qui nous a 
permis d'identifier dans la faune de la Roumanie le genre Macedonica Boettger et de grouper 
ensemble les especes du genre Limax Linnaeus et Lehmannia Неупетапп. 

En tenant compte de la nouvelle orientation dans la systematique animale et du probleme du 
polymorphisme, nous pourons formuler les considerations suivantes a la suite de nos 
observations: 

— Les recherches biochimiques actuelles au niveau moléculaire procurent un apport essentiel 
en taxonomie, la où les méthodes classiques ne sont pas suffisantes pour délimiter les espèces et 
les genres, où il y a des problèmes controversés ou des espèces jumelles. Sans sous estimer les 
resultats de la systématique classique, les methodès biochimiques completent et délimitent plus 
sûrement les caracteres des différentes unités taxonomiques. 

— Pour appliquer ces méthodes biochimiques a la systématique il faut cependant tenir 
compte de toute une serie de correctifs concernant l'âge, le sexe, le stress, le matériel étudié 
(sérum, muscle, tégument, etc.), car ils jouent un rôle décisif et en même temps limité, par 
rapport a la constance et à l'identification des caractères spécifiques. 

— Les tentatives faites pour formuler des interpretations phylogenetiques au niveau de 
l'ordre ou de la classe—chez les Gasteropodes tout comme chez d'autres groupes d'animaux— 
seulement sur la base des résultats biochimiques, pourraient étre hasardées et provoquer des 
erreurs si on considere seulement la presence d'un seul type de protéine. Pour ces interpréta- 
tions il faut tenir compte des nombreuses informations fournies par la paléontologie, l'anatomie 
comparée, l'écologie, etc. 
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LE POLYMORPHISME CHEZ QUELQUES ESPECES APPARTENANT AUX 
FAMILLES LIMACIDAE ET ARIONIDAE DE ROUMANIE 


Dochita Lupu 


Musée d’Histoire Naturelle “Grigore Antipa,”” Bucarest, Roumania 


ABSTRACT 


The author studied polymorphism in 7 species of Limacidae and 2 species of 
Arionidae from Romania. This polymorphism was found in the external appearance and 
in the reproductive system, in both adults and juveniles. In Deroceras laeve, the 
protandril torm was not found, because the penis developes subsequently to the oviduct 
in the same specimen. 


L’etude d'anatomie comparee chez les familles Limacidae et Arionidae nous a permis de 
constater chez certaines especes un polymorphisme fort ргопопсё. Ce polymorphisme est 
evident soit au niveau de l'aspect extérieur de l'animal, soit a celui de l'appareil reproducteur. 

Ces espèces polymorphiques peuvent être divisées en trois catégorie, a savoir: 

1. Especes a aspect exterieur fort polymorphe avec appareil reproducteur uniforme (Limax 
cinereoniger Wolf et Bielzia coerulans M. Bielz). 

2. Especes a aspect extérieur uniforme et avec appareil reproducteur polymorphe (Deroceras 
reticulatum Muller, D. turcicus Simroth, D. ponori Lupu, D. /aeve (Muller), Arion subfuscus 
Draparnaud et Arion fasciatus Nilsson). 

3. Espèces chez lesquelles les juveniles ont l'aspect extérieur (Bielzia coerulans M. Bielz) ou 
l'appareil reproducteur (Deroceras padisii Lupu) tellement different de ceux des adultes, qu’au 
premier abord on peut les considérer comme des especes a part. 

Chez Limax cinereoniger (Pl. 1, photo A-D) de la premiere categorie, nous avons constate 
que l'aspect extérieur (couleur, dessin) est tres different d'un exemplaire a l’autre, dans le cadre 
d'une méme population, p.ex.: chez certains exemplaires le corps est blanc-jaunatre avec, sur les 
parties laterales, un leger soupcon de rayures gris clair, a contour vague. 

Chez ces individus, les champs latéraux de la plante du pied sont également gris clair presque 
blancs (Pl. 1, photo A’-D’). Chez d'autres exemplaires, sur le méme fond du tegument, sur la 
partie postérieure du corps apparaissent deux points noirs bien évidents, et les champs lateroux 
sont de couleur gris plus foncee, (Pl. 1, photo B,B’). Enfin, chez d'autres individus, ces points 
continuent jusqu’au milieu de la partie dorsale formant une ligne ponctuee, tandis que les 
champs lateraux de la plante du pied sont gris fonce (Pl. 1, photo C,C’). Chez d'autres 
exemplaires, cette ligne interrompue ou ponctuée continue tout le long de la partie dorsale 
jusqu'au bouclier, des deux côtés de la caréne (PI. 1, photo D,D'). Tous ces exemplaires ont été 
collectes dans le méme endroit (Mts Ciucas, 1960). 

Chez une autre population, collectée dans les Mts Apuseni, nous avons constaté que certains 
exemplaires étaient de couleur blanc-jaunátre, sans points ni rayures (Pl. 2, photo А, A’). 
D'autres exemplaires avaient le corps rayée par une baude grise de chaque côte de la partie 
dorsale; chez tous ces individus la plante du pied est gris clair. (Pl. 2, photo B,B’). D’autres 
exemplaires présentent quatre rayures noires sur le dos et la plante du pied, gris foncé (PI. 2, 
photo C,C’). D.autres, enfin, ont la partie dorsale bigarrée blanc et noir et la plante du pied gris 
fonce-noir (Pl. 2, photo 0,0’). Quant à l'intensité de la couleur des champs latéraux de la 
plante du pied chez Límax cinereoniger de Roumanie, nous avons constate qu'elle varie en 
fonction de l'altitude (Lupu, 1973). 

L'espece Bielzia coerulans, adulte et vivante est le plus beau Limacide. De couleur bleu, vert 
ou violet avec des brillantes irisations métalliques. И s’agit donc, d'un polychromisme. 

A la deuxieme categorie d’especes avec aspect exterieur uniforme et appareil reproducteur 
fort polymorphes, appartiennent: Deroceras reticulatum, D. turcicus Sim., D. laeve Mull. Arion 
subfuscus Drap. et A. fasciatus Nilss. 
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Polymorphisme de l'aspect extérieur chez Limax cinereoniger de Mts Ciucas. 
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PLANCHE 2. Polymorphisme de l'aspect extérieur chez Limax cinereoniger des Mts Apuseni. 
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Suite aux nombreuses dissections que nous avons effectuees sur des populations naturelles 
chez l'especes Deroceras reticulatum (Pl. 3) nous avons observe que l'appareil reproducteur, en 
l'occurrence la glande annexe du pénis, presente un polymorphisme tres marque. Ces glandes 
peuvent étre constitutees d'un seul ramus (Figs. E,H,K) de deux rami (Figs. A,B,C,D,J) ou de 3 
rami (Figs. F,G,L,M,N,O). Ces rami peuvent presenter des marges lisses on crenelees. Dans le 
cadre de ces variabilites ou polymorphisme, il y a pourtant chez D. reticulatum une certaine 
unité des caractéres, à savoir: independemment de leur nombre les rami des glandes annexes du 
penis sont reunis dans un tronc commun, bien visible, apparaissant sous la forme d'une touffe. 

Chez Deroceras turcicus (Pl. 4) le polymorphisme se rapporte toujours aux glandes annexes 
du penis, qui peuvent avoir des formes fort variees: chez certains exemplaires elles apparaissent 
sous la forme de bourgeons a peine visibles et peu nombreux (Figs. A,B), ou sous la forme 
d'excroissences arrangees en ligne droite, en nombre de 4-14 (Figs. C,D,G), ou bien sous la 
forme d'une feuille a creneleures accentuees (Figs. H,1). 

Chez Deroceras turcicus on constate egalement la méme unite des caracteres, dans le cadre 
de cette variabilite, a savoir: ces bourgeons glandulaires, qu'ils soient de dimensions plus ou 
moins larges, ou dans un nombre plus ou moins eleve, sont toujours arranges en ligne droite ou 
courbe. 

Chez l'espece Deroceras ponori (Pl. 5) nous avons constate le méme polymorphisme 
prononce: les rami de la glande annexe du penis sont fort variable comme nombre, dimension 
et degré de crenelage. Leur nombre peut être 2 (Figs. A,B,C,F,G,K) ou 3 (Figs. D,E,H,l), chez 
certains exemplaires, en plus de ces rami, il y en a aussi d'autres, a peine visibles (Figs. 
A,B,C,D,E). 

Chez Deroceras ponori, on trouve toujours cette unité des caracteres, notamment le fait 
qu’independemment de leur nombre ou dimension, chaque ramus apparait isolement et a 
distance l'un de l'autre. 

Chez Deroceras laeve, le polymorphisme se manifeste toujours au niveau de l'appareil 
reproducteur (Pl. 6). En litterature, D. /aeve est connu dans les 2 formes: protandre et 
proterogyne. Une étude anatomique plus detaillee chez cette espece, nous а permis de constater 
que dans la méme generation, les formes protandres ne coexistent jamais avec les formes 
proterogynes, et que tous les exemplaires a petite taille (5-6 тт) sont au point de vue 
anatomique femelles, c’est-a-dire qu'ils ont developpe l'oviducte et a la place du penis il y a 
seulement une protuberance а la base de l'oviducte (Figs. A,B). Au fur et а mesure que ces 
individus se developpent, cette protuberance croit, le canal deferent apparait (Figs. C,E) et le 
penis prend la forme d'une canal allongé terminé en massue (Figs. E,F,H,!), gagnant en longueur 
et presentant deux courbures, ce qui represente la forme finale de son développement (Figs. 
G,J), connue en litterature sous le nom de proterandrie. Or, il serait impropre d'appeler се 
dernier stade de proter-, vu qu'il apparait apres le developpement de l'oviducte, chez le méme 
individu. Lorsque le penis atteint le point final de son développement, les individus respectifs 
juent róle de mále. Cette affirmation repose sur le fait que chez les femelles (avant le 
développement du penis) nous avons trouvé dans le réceptacle seminel, des ovules, l’oviducte 
étant а ce moment, fort développé (Figs. A,B,C,D,E). Par contraste, lorsque le penis a achevé 
son développement, l'oviducte retrecit ses dimensions devenant beaucoup plus étroit (Figs. G,J). 
Ceci denote qu'a ce moment là, l’activité des glandes sexuelles féminines diminue et ce sont les 
glandes sexuelles mâles, qui entrent en fonction, ayant declenché en même temps le developpe- 
ment du penis, a partir de ce moment, au point de vue physiologique l'animal devient mâle. 

Cette alternance dans le fonctionnement des glandes sexuelles est bien connue chez les 
Limacidae et les Arionidae, sans toutefois affecter les caracteres anatomiques de l'appareil 
reproducteur. Chez les autres espèces de Limacidae et Arionidae que nous connaissons jusqu'à 
l'heure actuelle, les organes de leur appareil reproducteur n'apparaissent pas l'un après l’autre 
comme chez Deroceras laeve, mais des le debut ils ont formé, un appareil complet, avec pénis et 
oviducte proportionnellement développés l'un vis-à-vis de l’autre, par rapport à l'âge, même si 
fonctionnellement ils commencent par être femelles, ensuite mâles, et finalement hermaph- 
rodites. 

Chez Deroceras laeve, le polymorphisme consiste dans l'existence des formes proterogynes et 
hermaphrodites avec l'intercalation des stades du développement du penis. Ce polymorphisme 
chez D. /аеуе ne saurait être interprete comme des différence entre juvéniles et adultes, 
parce que au point de vue sexuel, les individus sur lesquels a lieu le développement du penis, 


PLANCHE 3. Polymorphisme des glandes annexes du pénis chez Deroceras reticulatum. 
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PLANCHE 4. Polymorphisme des glandes annexes du pénis chez Deroceras turcicus. 
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PLANCHE 5. Polymorphisme des glandes annexes du pénis chez Deroceras ponori. 
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PLANCHE 6. Polymorphisme de l'appareil reproducteur chez Deroceras laeve. 
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sont múrs (presence des ovules dans l'oviducte). C'est une forme de polymorphisme toute 
particuliere avec ou sans la presence des organes respectifs, ou, dans leur premiere phase 
sexuelle, les individus sont unisexues, femelles, ayant seulement l’oviducte, ou protérogynes, puis 
ils deviennent máles, lors de l'apparition du penis, pour devenir ensuite, hermaphrodites 
présentant les organes des deux sexes. Chez D. laeve cette unisexualite est pourtant de courte 
duree, etant une unisexualite de transition vers la forme hermaphrodite. L'affirmation de H. 
Simroth, 1885: “la proterandrie et la proterogynie chez D. /aeve peut représenter un premier 
pas vers la separation des hermaphrodites,” peut étre justifiee en ce cas. 

Chez les especes Arion subfuscus et A. fasciatus le polymorphisme de l'appareil reproducteur 
est fort marque. Chez А. subfuscus ce phenomene se refere а la variabilite de la /ongueur de 
l’oviducte libre ainsi qu'a la /ongueur du canal deferent qui peuvent être courts, moyens ou 
longs. (Pl. 7). Chez cette espece, le receptacle seminal est rond, deforme, forme maintenue 
aussi par la presence du spermatophore qui est egalement rond, courbe (Fig. С). Sur la base de 
la variabilite des longueurs du canal deferent et de l'oviducte, certains chercheurs ont decrit des 
especes a part, sans tenir compte qu'en realite elles ne representaient que les limites de 
variabilite des caracteres d'une seule espece, c’est-a-dire A. subfuscus. Dans un travail qui est 
déjà sous presse (Lupu, 1974) nous avons étudié en details ce phénomène, donnant aussi les 
synonimies respectives. 

Chez Arion fasciatus le polymorphisme se refere au receptacle seminal (Pl. 8). Habituelle- 
ment, cet organe chez A. fasciatus presente un receptacle rond, mais toujours pourvu d'un 
bout allonge et pointu (Figs. A,B,C,E,F,H,J,K) á une exception pres, chez les juveniles ce bout 
pointu n'existant pas. Chez les adultes, ой le spermatophore est present, le receptacle seminal 
est deforme, pousse longitudinalement (Figs. E,F), tandis que chez les individus ou le 
spermatophore est partiellement lyse le receptacle seminal est moins allonge (Figs. H), et chez 
les exemplaires ou le spermatophore a été totalement lyse le receptacle seminal est encore plus 
contracte, le bout pointu et allongé restant toutefois, en permanence (Figs. J,K). 

Ces differences physiologiques dans la forme du réceptacle seminal, differences determinees 
par la presence ou l'absence du spermatophore, ont induit en erreur certains chercheurs (Grossu, 
1970), qui sur la base de ces variabilite ont decrit des especes nouvelles, distinctes, bien qu'elles 
n’etaient que des formes variées d'une seule et méme espece, c’est-a-dire Arion fasciatus Nilsson 
1882, avec toutes ses limites possibles de variabilite. Ce probleme fut egalement étudié dans la 
travail sus-mentionne (Lupu, 1974). 

Chez la troisieme categorie d'especes, le polymorphisme se refere aux differences d'aspect 
exterieur ou anatomiques, qui existent entre les juveniles et les adultes des especes Bielzia 
coerulans М. Bielz et Deroceras padisii Lupu 1969. Ainsi que sus-mentionne, В. coerulans adulte 
et vivante est une espece polychrome (vert, bleu, violet avec des luisantes irisations metalliques). 

En echange, les juveniles ont un aspect tellement different de celui des adultes, qu’au 
premier abord ils peuvent étre consideres comme appartenant a des especes a part. Le corps de 
ces juveniles est jaune-orange, avec une rayure noirátre de chaque cóte latéral. D'apres nos 
observations de laboratoire, cette couleur devient graduellement plus foncee, pour virer apres 6 
mois a l'une des trois couleurs indiquées pour les adultes. 

Chez Deroceras padisii nous avons constaté (Lupu, 1971) que l'appareil reproducteur des 
juveniles, c'est-a-dire le penis avec ses glandes annexes, est fort different de celui des adultes, ce 
qui a determine certains auteurs (Grossu, 1969) de les considerer comme des 2 especes 
distinctee. Notre etude nous a permis de constater qu’entre les formes juveniles et adultes il y a 
des formes de transition. 

Chez Deroceras padisii le penis est ovale, renfle comme une outre au milieu pourvu d'une 
rainure profonde qui le divise partiellement en deux spheres inegales (Pl. 9). Les glandes 
annexes avec 5 et plus rarement 6 rami sont allongées, simples, sans crenelures. Chaque ramus 
émerge séparément du tegument, n’ayant pas un pédoncle commun. 

Chez les juveniles de Deroceras padisii (Fig. A), le penis est allonge, avec une petite massue а 
son bout distal, legerement renflé vers la base. La rainure qui separe le penis en deux spheres 
est absente. Les glandes annexes du penis sont tres courtes, reunies en boule, avec aspect de 
corps massif ou d'une griffe serree. Au fur et a mesure que l'áge avance, au milieu du penis 
apparait l'esquisse de la rainure (Figs. B,C,D). Ce sont les formes de transition vers le stade 
adulte. Cette rainure devient de plus en plus accentuée en profondeur (Fig. E) et les glandes 
annexes deviennent plus longues avec leurs bouts libres espaces, comme un bouquet (Figs. 
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PLANCHE 7., Polymorphisme de l'appareil reproducteur chez Arion subfuscus. 
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PLANCHE 8. Polymorphisme de l'appareil reproducteur chez Arion circumscriptus. 
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PLANCHE 9. Polymorphisme de l'appareil reproducteur chez Deroceras padisii. 
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E,F,G,H,1). Ce sont les formes adultes proprement dites, qui au premier abord semblent 
différentes des juvéniles, mais qui en sont reliées par les formes intermédiaires ou de transition, 
formant un tout, c'est-à-dire l'espèce D. padisii, avec ses possibilités de variabilité. 


CONCLUSIONS 


1. Chez les familles Limacidae et Arionidae de Roumanie, on constate, chez certaines 
espèces, un polymorphisme fort accentué, concernant soit l'aspect extérieur, soit l'appareil 
reproducteur. 

2. Ce polymorphisme met en évidence, d'une part, le degré de variabilité des espèces 
respectives et, d'autre part, il réunit les caractères de chaque espèce séparément. Le phénomène 
même de polymorphisme constitue un caractere des espèces respectives. 

3. Ce polymorphisme est présent tant chez les adultes que chez les juvéniles par rapport aux 
adultes. 

4. Chez l'espèce Deroceras laeve, au point de vue anatomique, il n’y a que des formes 
proterogynes et hermaphrodites. Les formes protandres n'existent pas, parce que le penis se 
developpe ulterieurement sur le méme individu qui au debut se trouvait dans le stade de 
femelle. 

5. Il est absolument nécessaire que l'étude anatomique chez les Limacidae et les Arionidae 
porte sur plusieurs individus appartenant a des populations naturelles, pour avoir la possibilite 
d'observer le plus completement possible le degré de variabilite—le polymorphisme—en vue 
d'une identification correcte des especes respectives. 
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LES CERITHIDES TROPICAUX ET LEUR POLYMORPHISME LIE A 
L'ECOLOGIE LITTORALE DES MANGROVES 


Jean-Claude Plaziat 


Laboratoire de Geologie structurale et Laboratoire de Paléontologie associé au 
C.N.R.S. Faculté des Sciences, 91405 Orsay—Universite Paris-Sud, France 


ABSTRACT 


THE TROPICAL CERITHIDAE AND THEIR POLYMORPHISMS IN THE 
LITTORAL ECOLOGY OF MANGROVES 


The mangrove Cerithids show several types of polymorphism: for Terebralia palustris 
the polymorphism of the radula during the individual growth may be correlated with a 
change in the feeding habits (microflora to dead leaves of mangrove trees). For 
“Cerithium patulum,” which seems to be the variety of C/ypeomorus moniliferus that 
climbs on mangrove trees, it is a matter of habitat diversity. Tympanotonos fuscatus, 
with its 2 varieties fuscatus and radula, forms usually subhomogeneous communities: 
radula communities living higher than fuscatus communities in estuarine and deltaic 
mangrove swamps. Nevertheless the genetic control by abiotic factors (salinity, duration 
of tidal emersion) do not explain that incomplete segregation and particularly the 
reappearance of the juvenile ornamentation (radu/a type) in adult T. fuscatus fuscatus. It 
is suggested that a nutritional factor, depending on abiotic ones more conspicuous, may 
be the actual main factor. 


Les trois especes que nous allons considerer appartiennent au peuplement de la mangrove. 
Bien qu ‘il existe des mangroves sous climat tempere c'est dans le domaine inter-tropical, ou elles 
prosperent classiquement, que nos exemples sont pris. L’ecologie generale de ces differents sites 
a été récemment décrite (Plaziat, 1974; Boyé et al, 1975) et c'est sur la diversité du 
polymorphisme des Cerithides et sur la difficulte de cerner la cause directe de ce poly- 
morphisme que je voudrais insister. 

Rappelons que chaque mangrove constitute un biotope complexe pour le faune qu'elle 
heberge: sur les arbres, les mollusques sessiles ou vagiles occupent une position intertidale ou 
supratidale selon qu'ils s'installent sur les racines, tronc ou basses branches, au-dessus ou 
au-dessous du niveau des hautes mers de morte eau. De méme, sur le sol plus ou moins boueux 
et tourbeux, a Готбге des palétuviers, les mollusques se déplacent et se nourrissent dans des 
zones baignées plus ou moins longtemps, a chaque maree haute ou seulement quelques jours par 
mois. Enfin cette zonation verticale se complete par une zonation horizontale dans le cas de 
mangroves bien developpees: les arbres les plus proches de la mer cu des chenaux de maree 
portant une faune bien plus riche que ceux qui constituent l'intérieur de la forêt (Berry, 1964; 
Plaziat, 1974). 


Terebralia palustris (Linnaeus): 


Cette espéce est connue sous divers autres noms: Pyrazus palustris Bruguiere et Potamides 
tesselatus Martens sont parmi les plus frequents Notons tout de suite que la bibliographie 
ecologique souffre considerablement de notre meconnaissance taxonomique. 

Tous les auteurs s'accordent á considerer le Terebralia palustris comme regulierement infeode 
а la mangrove (Stephenson, Endean & Bennet, 1958; MacNae & Kalk, 1958; Broekhuysen & 
Taylor, 1959; Derijard, 1965; Taylor, 1968; Plaziat, 1974) mais il semble que son ecologie soit 
assez variable ou qu'elle ne soit pas toujours bien analysee. On trouve generalement cette espece 
sur la boue plus ou moins ferme de chenaux vaseux ou à |’ interieur de la mangrove, du domaine 
infratidal au domaine supratidal. Derijard precise toutefois qu’a Tulear (Madagascar) c ‘est une 
espece infralittorale “effectuant des incursions trophiques sur des milieux médiolittoraux ou elle 
est parfois surprise par le jusant”; ces milieux étant d'ailleurs “'referables a l'étage infralittoral 
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en raison de leur humectation.” Il ajoute que beaucoup de 7. palustris portent des Huitres (Ostrea 
cucullata), “‘espece caractéristique exclusive des substrats durs de l'horizon mediolittoral 
inférieur’’ (cf. Plante, 1964). Toutefois cet argument n'est peut-être pas aussi definitif qu'il y 
paraît car j'ai pu observer en Nouvelle-Caledonie les mêmes huîtres mediolittorales fixées sur des 
Т. palustris adultes vivant dans des secteurs de la mangrove littorale qui restent а sec entre les 
marées de vive eau. D'ailleurs les mesures directes des hauteurs caractéristiques de marées 
(Baltzer, 1969; Plaziat, inédit) ont montré que 7. palustris est répandu en Nouvelle-Caledonie 
du niveau moyen de la mer (zone a Rhizophora externe) au niveau des hautes mers de vives 
eaux (zone à Avicennia arbustif). La plupart des auteurs indiquent qu'il se nourrit en rápant sur 
la boue les revêtements d'algues microscopiques: microflore pour Derijard (1965), diatomees 
selon McNae et Kalk (1958), algues vertes selon Taylor (1968). 

Sewell (1924) a note un polymorphisme de la radula, decrit par N. Annandale (1924), lie a 
la croissance des 7. palustris (Fig. 1a,c). Chez le jeune, la forme des dents de la radula est tres 
comparable à celle du Cerithium fasciatum (cf. Risbec, 1943). Cette forme se modifie avec l'âge 
par diminution du nombre des denticules, developpement considerable des dents laterales et 
reduction а deux cuspides de chacune des dents marginales. La figuration donnee par Risbec 
(Fig. 1b) indique que ce dernier caractere apparait plus töt que les deux autres. N. Annandale 
precise que cette évolution n’a pas été retrouvée dans les populations de Telescopium des 
mêmes sites, ni dans celles de Cerithidea et de Tympanotonos. || pensait que cette modification 
de la radula ne correspondait pas a un changement dans le mode de vie mais il a precise 
prudemment qu’ "il faut faire de nouvelles observations.” 

Baltzer puis moi-méme avons observé en Nouvelle-Calédonie des Terebralia palustris groupes 
autour de feuilles de palétuviers, en train de les ráper au point que le limbe était echancre 
d’autant d'encoches que de convives. Seule la nervure centrale peut resister a l'action de leurs 


FIG. 1. Dents radulaires du Terebralia palustris. L'évolution au cours de la croissance (du début de la 1ère 
année (a) à la 4ème année (с) selon Annandale) est comparée à la figuration de Risbec (b) d'âge intermédiaire 
probable mais non précisé. 
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FIG.2. Feuilles de palétuviers (Bruguiera et Rhizophora) rongees par des Terebralia palustris. Mangrove 
littorale de Moindou (Nelle Calédonie). 


radulas (Fig. 2). Nous n’avons vu que des adultes, au labre epanoui et épaissi, ou des formes 
ägees de plus de 2 ans, s'attaquer aux feuilles coriaces de palétuviers (consistance comparable а 
celle des feuilles de Magnolia). Les jeunes semblent bien se nourrir exclusivement sur la 
microflore et il est d'ailleurs probable que les feuilles mortes ne constituent qu'une nourriture 
d’appoint pour les adultes. Whitley et Boardman (1929) indiquent qu’a Low Isles (Australie) les 
T. palustris mangent des embryons de Rhizophora tombes sur le sol et М. Guerlain (Nelle 
Caledonie) m'a signale qu'il en a observé rongeant la jeune есогсе des racines de Rhizophora. Le 
polymorphisme de la radula serait donc lie à un changement dans le régime alimentaire; 
changement qui ne parait pas total ni definitif et qui peut méme étre facultatif etant donne la 
rareté de ces observations dans l'aire de répartition pourtant très vaste de cette espece. On a 
souligné а juste titre la fréquence des modifications radulaires ontogeniques chez les 
Gastéropodes (M. Giusti, rens. oral) mais ce n'est pas semble-t-il un phénomène absolument 
general et uniforme: еп ce qui concerne les Cerithides on a vu que Annandale a souligne 
l'absence de telles modifications pour certains Potamides d'habitat comparable mais qui, 
notons-le, rápent la microflore toute leur vie. II pourrait donc être utile de rechercher dans 
d'autres groupes la liaison eventuelle de се type d’evolution avec des modifications du regime 
alimentaire. 


“Cerithium patulum”” (Sowerby): 


Ce petit Cérithe est tres caractéristique de la partie externe du fourré de Rhizophora. Sa 
forme est élancée, cónique, et ses trois varices par tour, généralement bien alignées, lui 
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confèrent une morphologie très reconnaissable (Pl. 1, Fig. 1). Je l'ai toujours récolté dans ce 
type d'habitat intertidal, les plus hauts étant fixes sur l'écorce des racines par un peu de mucus, 
comme les Littorines et les Cerithidea. Le seul site où j'ai trouvé une forme semblable sur 
rocher est d’ailleurs situé à proximité d'un rideau de palétuviers: les Cerithes sont fixes a la 
voûte d'un surplomb, c'est a dire suspendus et à l'ombre comme ceux de la mangrove. Cet 
échantillon comporte des spécimens legerement pupoides (PI. 1, Fig. 2) qui assurent la 
transition avec les C/ypeomorus moniliferus Kiener des roches de site abrité. Ceux-ci sont 
d'ailleurs beaucoup moins gros et pupoides que les formes de roches battues (recif). Пу a donc 
une série continue entre les formes cóniques à trois varices et les formes nettement plus 
grosses, pupoides et sans varices (Pl. 1, Figs. 1-4). C'est ce qui m'incite à avancer que le Ce. 
patulum des auteurs n'est qu'une variete de C/. moniliferus Kiener (ex—Ce. morus Lamarck 
d'après Cernohorsky, 1972). И est évident que la répartition écologique habituellement tranchée 
entre les deux formes a pu longtemps défier toute systématique de nature typologique. Les 
récoltes anciennes, décrites ou déterminées en Europe sur des lots récoltés dans des sites 
séparés, n'ont fait que fixer ce polymorphisme au niveau spécifique. Dans le même ordre d'idée 
j'ai déjà signalé le rapprochement à effectuer entre certains Ce. ustum Hombron & Jacquinot, 
1854 et le Ce. rubus Martyn (Plaziat, 1974). Ce type de polymorphisme est identique à celui 
des Cerithes de Méditerranée: Ce. (Thericium) vulgatum (Bruguiere, 1792) dont les 8 varietes 
retenues par P. Mars (1945) ont chacune leur habitat. Notons toutefois que la tendance à 
l'allongement, à la dilatation de l'ouverture et à la formation de varices, est dans ce cas lié aux 
fonds coralligènes et a éponges. 

La cause de cette différenciation peut être recherchée dans les conditions de vie plus difficile 
dans les hauts niveaux et à l'ombre des paletuviers. La microflore que peuvent ráper les formes 
ombrophiles diffère sûrement de celle des roches au soleil et la durée des périodes favorables à 
l'alimentation se réduit rapidement avec leur localisation plus élevée. Il est toutefois possible 
que, comme pour les Certihidea (Brown, 1971), une migration périodique vers le bas améliore 
les conditions d'alimentation. 

On peut aussi remarquer que ce Cerithe présente une écologie que l'on pouvait croire 
réservée aux Potamides: vie en milieu estuarien (Mangrove du Diahot—Nelle Calédonie), sur les 
racines et les troncs des paletuviers, suspendu et collé par son mucus dans l'horizon intertidal, à 
peine plus haut que les huîtres de palétuviers en Nelle Calédonie ou plutôt entre le niveau 
moyen de la mer et les hautes mers de morte eau en Malaisie (horizon intertidal superieur— 


Berry, 1964). Quoi qu'il en soit il remplit une case écologique encore vide du tableau de 
Rützler (1969). 
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FIGS. 1-4. Série de formes assurant le passage entre Cerithium patulum. (1) et Clypeomorus moniliferus 
(3-4). Fig. 1, sur les racines de Rhizophora de la mangrove de Magenta. Nouméa (Nelle Calédonie). Fig. 2, 
sous surplomb rocheux. E de la mangrove du Wharf de Foret. Moindou (N.C.). Fig. 3, platier rocheux de 
Gouaro prés de Bourail (N.C.). Fig. 4, chenal sableux en bordure de la mangrove. Presqu’ile Beaupré. Baie de 
St-Vincent (N.C.). 


FIG.5. Tympanotonos fuscatus fuscatus. Mangrove entre Douala et la Dibamba (Cameroun). Entre crique 
Lefévre et cr. de la plonge au sable, slikke intertidale d'un petit chenal de marée. 


FIG.6. Tympanotonos fuscatus radula. Depression inondée en permanence à l’intérieur de la partie 
supérieure de la mangrove. Eyoupwé, près de Douala (Cameroun). 


FIG. 7. Tympanotonos fuscatus radula. Mangrove dégradée située en arrière du cordon sableux qui porte le 
village du Grand Cap Cameroun. 


FIG. 8. Tympanotonos fuscatus fuscatus. Revenant a l'ornementation granuleuse de 7. fuscatus radula dans le 
dernier tour: slikke de l'estuaire du Wouri. Sadi Sengué près de Douala (Cameroun). 


FIG.9. Tympanotonos fuscatus fuscatus. Port de Tiko, au fond d’un chenal de marée de la mangrove qui 
borde au N O l'estuaire du Cameroun. 


Echelles: la première correspond. aux figures 1 à 4 et la seconde au reste la planche. 
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Tympanotonos fuscatus (Linnaeus) : 


D'abord décrites comme deux espèces distinctes—Vurex fuscatus Linnaeus 1788, et Murex 
radula Linmaeus—les formes extrêmes ont été réunies comme variétés de la même espèce 
Tympanotonos (ou Tympanotonus) fuscatus (Linnaeus) var. fuscatus et T. fuscatus var. radula 
(Linnaeus). La premiere est caracterisee par l'ornementation des derniers tours faite d'une 
rangée de fortes épines, suivie par quatre rangées de cordons granuleux (PI. 1, Figs. 5 et 9). La 
seconde variete porte une ornementation purement granuleuse: une en de forts granules pres 
de la suture apicale et quatre rangees plus modestes en arriere (Pl. 1, Figs. 6-7). En fait cette 
ornementation est celle que Гоп trouve uniformement sur les м tours des deux variétes, 
l'ornementation épineuse n’apparaissant que plus cu moins haut et plus ou moins brusquement 
sur la variete fuscatus. || paraît difficile de caractériser une variété intermediaire—var. mutans 
Gould— —car il semble qu’il y ait en general une nette rupture entre la variete epineuse (7 a 10 
epines par tour adulte) et la variete granuleuse (14 a 25 granules apicaux) (Plaziat, 1974). 
Comme l'a souligné С. Е. Dollfus (1911) “И semble qu'arrives à une certaine période de 
développement, les uns conservent leur ornementation “juvenile”” tandis que les autres prennent 


une armature défensive bien accusée.” Dollfus suppose qu'il faut relier ce changement “au 
milieu dans lequel ils grandissent.” 


Repartition et donnees ecologiques. 


La principale etude concernant cette espece reste celle de Pilsbry et Bequaert (1926) mais les 
auteurs se contentent de confirmer l'existence de formes de passage, la coexistence des deux 
varietes et leur repartition sur la boue des marais de mangrove et des vasieres decouvertes par la 
marée dans l'estuaire du Congo. Il en est de même dans les Bouches du Cameroun (Plaziat, 
1974 et Boye et al. 1975). 

On trouve cependant Tympanotonos fuscatus dans d'autres habitats: les lagunes saumátres de 


Côte d'Ivoire, étudiées par Е. Binder (1957-1968), possedent des peuplements de 


Tympanotonos jusqu’à la limite inférieur de salinité de 2%o (maximum annuel). Une marée de 
0.4 a 0.1 m y interfere avec des crues saisonnieres de méme amplitude (P. Rancurel, 1971). 
L'aire d'extension des Tympanotonos deborde nettement celle de la mangrove. A la suite d'une 
premiere serie d'observations (1957), il a paru au Dr. E. Binder que les deux formes extrémes 
avaient tendance a se segreger; la variete radula sous peu d'eau, avec Pachymelania fusca 
granulosa, et la variete fuscatus en profondeur, avec P. fusca fusca. En fait cette tendance n'a 
pas été confirmée par les nombreuses observations ultérieures (rens. oral). Leur repartition 
s'étend de la zone découvrante à 9 m de profondeur (Binder, 1968) et l'auteur note qu'ils 
remplacent Pachymelania fusca en profondeur, gráce а leur resistance а la diminution de la 
teneur en oxygene de l’eau. Sa conclusion est qu’ “il ne semble pas y avoir ici de facteurs 
ecologiques déterminants dans la répartition des formes différentes de la même espèce.” 

La lagune de Fadioute, au Senegal, a ete etudiee par P. Elouard (1974). On n'y trouve que 
Tympanotonos fuscatus radula, sur le sol boueux intertidal, en arriere d'une bande de 
paletuviers. L'amplitude de la marée est de l'ordre d’1.5 m. P. Elouard en deduit pour cette 
variété une exigence de milieu а “basse епега!е” (tres faible agitation des eaux sous l'influence 
des vagues ou de courants) et precise que 7. fuscatus fuscatus semble adapté а des milieux 
d’agitation un peu plus grande (‘‘energie modérée’). 

Nos observations sur l'estuaire commun du Wouri et de la Dibamba (Cameroun) concernent 
un domaine à marées de l’ordre d’I m en morte eau (3 m en tres grandes vives eaux) où la 
morphologie des rives est bien differente de celle des lagunes (cf. Е. Baltzer, 1975): les chenaux 
de maree de la mangrove appartiennent en majeure partie a la zone infratidale (sous le niveau 
des basses mers de morte eau). Leurs bords sont soit en pente douce, sur le bord des fleuves ou 
sur les rives convexes des méandres de la mangrove, soit abrupts, limitant des terrasses sur les 
rives concaves des mémes meandres. La mangrove couvre le domaine supratidal: Ваще terrasse 
tourbeuse entre le niveau des hautes mers de morte eau et celui des plus hautes mers, ou la 
marche n'est entravee que par la densite du fourre vegetal. Les paletuviers descendent rarement 
au-dessous du niveau moyen de la mer et la vase de la zone intertidale en pente douce est 
particulierement fluide, bien que Гоп puisse y marcher le plus souvent sans s'enfoncer au dela 
du genou. La mangrove couvre donc la moitié superieure du domaine intertidal et la totalite du 
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SALINITÉS DES EAUX DE SURFACE 
( grammes par litre) 
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FIG.3. Repartition des principaux mollusques et de la salinité des eaux de surface, en Novembre-Décembre 
1972, dans l'estuaire du Cameroun. On note la grande amplitude des salinites supportees par le 
Tympanotonos. 


domaine supratidal. Les Tympanotonos et Pachymelania fusca occupent le m&me domaine, plus 
une partie de la slikke nue, dans une gamme de salinite allant au moins de 0.02 à 15%g, sans 
tenir compte des crues saisonnieres qui dessalent periodiquement la totalité du domaine littoral 
de l'estuaire. La diversite des habitats est donc particulierement grande. Notons d'abord que 7. 
fuscatus fuscatus abonde aussi bien dans le domaine mésohalin que pres de la limite des eaux 
douces (bac sur le Dibamba) (Figs. 3,4). И faut donc abandonner le facteur de salinite comme 
cause de segregation de cette variete. Cependant un echantillonnage systématique, par surfaces 
d'1 m? ou plus, a montré une nette segregation à l'échelle locale (Fig. 4): les formes a 
ornementation granuleuse 7. fuscatus radula et P. fusca granulosa, sont nettement plus 
fréquentes dans le domaine supratidal. Notons d'autre part que l'ornementation épineuse, 
apparue au cours de la croissance individuelle, n'est pas sans reversibilite: j'ai pu observer, 
rarement il est vrai (moins de 10%) et dans certains sites seulement, des retours en arriere c'est 
a dire a l'ornementation granuleuse de type radula de Т. fuscatus fuscatus typiques (PI. 1, Fig. 
8). Ce changement fait suite ou non a un traumatisme indiqué par une cassure du labre et 
intervient aussi bien dans un peuplement а predominance de 7. fuscatus fuscatus (Езепдие Sadi 
1, $ de la Pointe Docteur 7 b) que de 7. fuscatus radula ($ de la Pointe Docteur 1 b, Eyoupwe 3). 


Interpretation du polymorphisme. 


La répartition cartographique en fonction de la salinité permet donc d'éliminer ce facteur 
de segregation. De méme l'agitation des eaux ne parait pas un facteur significatif, puisque c'est 
dans les parties les plus protegees de la mangrove estuarienne que la segregation se revele la 
mieux marquée et puisque les exceptions ne coincident pas avec des anomalies dynamiques. Il 
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FIG. 4. Répartition des deux variétés de Tympanotonos fuscatus par rapport à la salinité (Thais et Melampus 
demandant une salinité supérieure 45%.) et par rapport a la marée: le niveau atteint par les hautes mers de 
morte eau séparant ce que nous nommons sites de niveau inférieur des sites de niveau supérieur. 


reste l'etagement vis-a-vis des niveaux caractéristiques de la marée. C'est le facteur qui propose 
la meilleure correlation (Fig. 4) mais il faut noter l'existence d'un certain nombre d'exceptions: 
sites supratidaux а Tympanotonos fuscatus fuscatus. Ce facteur tres evident recouvre en realite 
plusieurs caracteristiques plus fondamentales du biotope: l'ombre, surtout importante dans la 
zone supratidale, mais debordant sur la zone intertidale, qui est elle-mémes un facteur de 
protection contre l'evaporation et, par conséquent, de selection de la microflore superficielle. La 
duree d'immersion, qui regle la duree des periodes d'alimentation mais joue aussi un róle 
essentiel dans la selection des microorganismes vivant à la surface du sediment. La répartition 
des mollusques montre trop d'exceptions au peuplement de 7. fuscatus radula dans la mangrove 
supratidale pour que l’ombre soit le facteur direct essentiel. D'autre part les 7. fuscatus radula 
des depressions pleines d'eau en permanence, dans la mangrove supratidale, montrent qu'il en 
est de méme du facteur emersion pris isolement. 

Devant l'impasse а laquelle nous aboutissons je crois qu'on ne peut que proposer une 
hypothese de travail; tout se passe comme si plusieurs facteurs différents concourraient aux 
mémes effets dans divers milieux (lagunes, mangroves). Ce qui relie ces facteurs pourrait étre 
un facteur biotique rarement etudie et commun aux Potamides et Pachymelania: les variations 
dans la nature et l'abondance des microflores constituant leur nourriture. Des experiences de 
transplantation pourraient montrer si cette hypothèse est utilisable. Il resterait à étudier les 
microflores d'un point de vue qualitatif et quantitatif et c'est un travail qui ne peut être 
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entrepris que par un biologiste expérimenté car il sera certainement tres long et difficile de faire 
la part des actions directes de l'ombre et de la salinité (stress des fluctuations a courte période 
ou forte amplitude, seuil de regulation osmotique, etc.) et des actions indirectes (floculation 
d'une vase fluide defavorable a certains de ces microorganismes) limitant le developpement des 
microflores. 


Conclusions. 


Ces exemples de polymorphisme correspondent a trois types bien differents: par classes d'áge 
dans la méme population pour la radula de Terebralia palustris, par habitats separes pour 
Clypeomorus moniliferus, et par microhabitats juxtaposes, sans limites étanches, dans le cas de 
Tympanotonos fuscatus. Le cas du C. moniliferus est tres semblable a celui des Littorines et 
Cerithides des cótes temperees mais les modifications ontogéniques des deux autres especes 
paraissent ne pas s'expliquer aussi simplement par determinisme genetique accompagne d'une 
selection ni par l'action directe de simples facteurs abiotiques du milieu. En particulier, dans le 
cas du Tympanotonos tout se passe comme si le dimorphisme dependait de diverses com- 
binaisons possibles de facteurs abiotiques varies (salinite, duree d’emersion dans les estuaires, 
profondeur dans les lagunes, etc.) influant en fait sur un facteur biotique plus general: la qualite 
et la quantite de la nourriture disponible dans chaque microbiotope. 
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LITTORINA NIGROLINEATA (GRAY) (GASTROPODA, PROSOBRANCHIA) 


Cesare F. Sacchi 


Istituto d’Ecologia animale dell’Universita, Pavia, Italia 


ABSTRACT 


The author raises to a specific rank Littorina nigrolineata (Gray), so far commonly considered either as а 
subspecies belonging to the group of L. saxatilis (Olivi) or an ‘‘unofficial’’ species, lacking a complete 
description and, consequently, a taxonomic status. 

A complete re-description of Littorina nigrolineata 15 given, founded upon a series of anatomical, 
conchological, physioecological and biogeographic characters. A fundamental importance is attached to 
reproductive behaviour. While L. saxatilis is an ovoviviparous species, showing a large brood pouch that, 
whenever sexual maturity is attained, dwarfs the strongly reduced albumen and egg-shell glands, L. 
nigrolineata is to the contrary an oviparous one, possessing, instead of the brood pouch, a large jelly gland, as 
in the majority of North Atlantic littorinids. 

Male organs of Littorina nigrolineata show less outstanding differences; while, however, in L. saxatilis, 
even in the small specimens from the Venice Lagoon, the intermediate (or “*glandular'”) region of the penis is 
fully rimed at maturity with adhesive glands, the latter are always limited to the distal part of this region in L. 
nigrolineata. The terminal zone of the penis is quite shorter and thinner in the latter species. 


RESUME 


Littorina nigrolineata (Gray) mérite officiellement le rang d'espéce, bien distincte des innombrables 
“sous-especes’’ reconnues par différents Auteurs au sein de la grande espèce, très polymorphe, L. saxatilis 
(Olivi). Une redescription de l'espèce permet de mettre en évidence un ensemble de caractères qui soutiennent 
ce rang spécifique, portant aussi bien sur l'anatomie et la morphologie de la coquille, que sur la biologie 
générale, l'écologie et la distribution géographique. 

La plus importance caractéristique de Littorina nigrolineata interesse le type de reproduction, qui est 
ovovivipare chez L. saxatilis—avec une grande chambre incubatrice, bourrée d'embryons pendant les phases 
d'activité sexuelle, placée devant les petites, et peu évidentes, glandes de la glaire et du test des oeufs. Chez 
L. nigrolineata, au contraire, lorsque la maturité sexuelle est atteinte on observe la présence d'une trés 
volumineuse glande de la gelée, placée en aval de ces deux glandes, dont le développement est considérable et 
tout á fait comparable á celui de la majorité des Littorines nord-atlantiques. 

L'organe copulateur présente à son tour de sensibles différences interspécifiques, malgré la variabilité 
morphologique du pénis dans le groupe saxatilis. Tandis, en effet, que chez Littorina saxatilis la region 
glandulaire ou moyenne du pénis est entierement bordée de glandes adhésives (en plusieurs series chez les 
grands animaux de la Manche et des îles britanniques, en une seule série chez les petits individus de la Lagune 
de Venise) ces glandes n'occupent que la partie terminale de cette région pénienne chez L. nigrolineata. 
Quant á la bonde terminale du pénis, elle est relativement allongée et trapue, en repos, chez L. saxatilis, 
tandis que chez L. nigrolineata elle est bréve et mince. 


RIASSUNTO 


L'Autore rivendica rango specifico а Littorina nigrolineata (Gray), sin qui descritta come una delle tante 
sottospecie facenti parte del grande e molto polimorfo gruppo di L. saxatilis (Olivi) oppure considerata, 
talvolta, come una “buona”” specie, senza perd che figurino in letteratura documenti sistematici e descrizioni 
che ne motivino la validita. 

Viene qui data una ridescrizione completa della specie Littorina nigrolineata, distinta da un cospicuo 
complesso di caratteri, anatomici, conchigliari, fisio-ecologici, biogeografici, tra i quali un'importanza 
primordiale si deve attribuire al tipo di riproduzione. Infatti, L. saxatilis & specie ovovivipara, nella quale a 
maturitä si osserva la presenza d'un'ampia camera incubatrice posta davanti alle ghiandole dell’albume e del 
guscio dell'uovo, che sono notevolmente ridotte e come schiacciate dalla massa d'embrioni che gremiscono, 
durante le fasi d'attivitá sessuale, la camera stessa. Invece L. nigrolineata & ovipara, come la maggioranza delle 
Littorine della fauna nordatlantica e mediterranea. In L. nigrolineata, pertanto, a valle della due ghiandole 
citate, che sono normalmente sviluppate, si trova, a maturitá sessuale raggiunta, una voluminosa ghiandola 
della gelatina, destinata ad inglobare in una massa subtrasparente le uova, al momento della deposizione. 

L'organo copulatore ha differenze meno vistose, ma costanti, anche se si tenga conto della notevole 
variabilitá del pene nel gruppo saxatilis. In questo, infatti, le ghiandole adesive, in numero variabile a seconda 
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della provenienza geografica e della mole dei maschi, orlano l'intera zona intermedia (o “'ghiandolare”*) del 
pene. Una simile distribuzione si riscontra anche nel caso di poche ghiandole, come nei piccoli individui della 
languna Véneta. In Littorina nigrolineata, invece, le ghiandole, sempre poco numerose, anche nei grossi 
maschi della Manica, orlano soltanto la porzione distale della regione media peniena, mentre lo zipolo 
terminale & pid piccolo ed esile che in L. saxatilis. 


The work is published in extenso in Cah. Biol. mar., Paris, 16(1): 111-120, Mars 1975. 
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SYMPOSIUM ON POLYMORPHISM IN GASTROPODA: 
CONCLUDING REMARKS 


Dr. C. B. Goodhart, in his concluding remarks as Chairman of the Symposium, pointed out that although 
many gastropods showed a quite remarkable degree of visible polymorphism, probably involving multiple 
allelomorphs at a variety of different loci (although the genetics had so far been worked out only for a few 
species, notably in Cepaea), this probably represented no more than the tip of an iceberg. It was likely that 
there was a much larger number of loci with balanced ‘‘polymorphism’’ producing no visible effects at all, 
making them very much more difficult to identify and investigate. The only thing that was unusual about the 
polymorphism of gastropods was that a lot of it was visible, though this was probably only a small 
proportion of the total. That there was genetic polymorphism at all must indicate (as E. B. Ford pointed out 
many years ago) that the gene loci concerned were subject to selection, usually for overdominance and 
heterozygote advantage. Sometimes, as in some circumstances with Cepaea, the visible characters might be 
selected for as such by predators; but that was not always so, even in Cepaea, where so-called “area effects” 
might over-ride the effects of differential visual selection by predators on shell banding patterns and 
coloration. And in the Littorinidae, which had been so extensively studied by Prof. Sacchi, Dr. Gaillard, and 
others, it seemed unlikely (perhaps not wholly impossible) that the visible expression of the polymorphism 
should be of any selective significance at all. Dr. Binder has produced some interesting new data on another 
highly polymorphic species, Pachymelania aurita, whose visible characteristics themselves could scarcely be 
supposed to be subject to predator selection, since it lived in dense populations buried deep in the mud of a 
marine lagoon at Lagos, in Nigeria. The extensive variation in morph ratios between different sections of this 
population, which appeared to be quite fortuitous and unrelated to any environmental factors, provided what 
was perhaps one of the best examples of an “area effect’’ among marine prosobranchs. 

The study of polymorphism in the Gastropoda was complicated by the fact that, especially in littorinids, 
but also with Cepaea, very similar sibling species might be living together and show parallel polymorphism for 
visible shell characteristics, almost certainly controlled by homologous genes, but sometimes with quite 
different morph ratios, and “area effects,’’ in the 2 species. That introduced an element of confusion into the 
systematics and naming of closely related species, where the visible shell characters upon which this was 
based were polymorphic in their expression. And that, of course, could apply equally well to the non-visible 
electrophoretic characters discussed by Prof. Grossu, which might themselves be showing genetical variation 
between different populations. It was most important always to be clear about the distinction between 
polytypism, that is to say, the morphological and other differences between species and allopatric sub-species, 
and polymorphism, which might be defined as the occurrence together of discontinuous forms in one and the 
same interbreeding population of a single species, true though И was that polytypism could be complicated 
by parallel polymorphism in both of the 2 related species or subspecies. 

Dr. Goodhart then finished by expressing the thanks of the meeting to all those who had contributed to 
it and, most of all, to Prof. C. F. Sacchi, of Pavia, who had been responsible for all the preliminary 
arrangements for what had been a very useful and stimulating Symposium in advance of the main programme 
of the Congress. 
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DIE KONTINENTALEN SCHNECKENBESTÄNDE DER EICHEN- 
ULMEN-ESCHEN-AUWALDERN (FRAX/NO PANNONICAE-ULMETUM 
PANNONICUM SOO) IN DER UNGARISCHEN TIEFEBENE 


К. Baba 


Zoologischer Lehrstuhl der Pädagogischen Hochschule Gyula Juhasz, Ungarn 


ZUZAMMENFASSUNG 


Zwischen den phytologisch in Sukzessionsbeziehung stehenden Weidenbeständen, 
Eschen-Moorwäldern und Eichen-Eschen-Ulmen-Auwäldern ist diese Sukzessionbeziehung 
auch anhand der Schneckenbestände nachweisbar. Die miteinander sukzessionsver- 
bundenen Wälder lassen mit mathematischen Methoden eine signifikante Arten- und 
Konstanzidentität feststellen. 

Ihren Artennachschub erhalten die Weidenbestände und Auwälder unter Vermittlung 
der Flüsse aus den Gebirgsregionen. Die Auwälder sind parallel mit der von ihnen 
ausgehenden Vegetationssukzession Verbreiter der Fauna in Richtung der inneren Anteile 
der Tiefebene. 


Die organogen sich entwickelnden Eschen-Moore vertreten phytozönologisch, wie auch 


aufgrund ihrer Schneckenbestände eine parallele, aber in die Auwälder einmündende 
Sukzessionslinie. 

Die Auwälder des Pannonischen Alföld sind aufgrund ihrer karpathischen, mediter- 
ranen, pontischen und podolischen Schneckenarten typisch südosteuropäischen Charakters 
und unterscheiden sich hinsichtlich der Schneckenfauna von den Auwäldern Mittel- 
Deutschlands. 


EINLEITUNG 


Die Ungarische Tiefebene ist nichts anderes als der zentral gelegene Teil des Pannonischen 
Alföld (Pannonische Tiefebene). Ich habe meine Forschungen in der Ungarischen Tiefebene 
vorgenommen, hatte aber auch Gelegenheit, das rumänische und tschechoslowakische Rand- 
gebiet des Pannonischen Alföld zu studieren. 

Im Alföld sind früher sporadisch malako-faunistische Untersuchungen von Soos (1928), 
Horvath (1954), Richnovszky (1973) und Kovacs (1974) unternommen worden. Quantitative 
Untersuchungen hat lediglich Vagvölgyi (1953) an einem Punkt des Alföld angestellt. 

Während meiner sechzehn Jahre fortgesetzten Walduntersuchungen befasse ich mich nicht nur 
mit dem im Titel angegebenen Waldtyp, sondern auch mit den in phytologischer Sukzessions- 
beziehung zu ihm stehenden Waldtypen: mit Weidenbeständen (Sa/icetum triandrae Malcuit, 
Salicetum albae-Fragilis hungaricum Soo), mit Erlen-Eschen-Moorwäldern (Fraxino pannonicae- 
Alnetum hungaricum Soo et Maglódi) und den von ihnen abzuleitenden Eichen-Eschen-Ulmen- 
Auwäldern (Fraxino pannonicae-Ulmetum pannonicum $00). 


UNTERSUCHUNGSMETHODIK 


Die Untersuchungen erstreckten sich auf insgesamt 96 Wálder: 38 Weiden-, 11 Moor- und 47 
Auwálder (die Sammelstellen zeigt Abb. 1). In jedem Walde wurden aus je lo Quadraten von 25 
cm? die Schnecken gesammelt und das Sammelgut anhand mathematischer Methoden aus- 
gewertet. Die Arten-, Konstanz- und Dominanzidentitäts-berechnungen erfolgten unter Zuhilfe- 
nahme der Ramsay-Pöcs’schen Formel und der Vierfeld-Kontingenz-Tabelle. Die Ergebnisse der 
beiden Proben decken einander. Das Signifikanzniveau wurde in beiden Fällen mit der 
Chi? -Probe kontrolliert. 

Die Auwálder habe ich-im Einklang mit der Bodenvegetation—nach ihrer Bodenvegetation in 
sechs Feuchtigkeitsgrade unterteilt: 1. ultrahygrophil (Caricetosum), 2. hygrophil (Circae- 
tosum), 3. subhygrophil (Asperuletosum), 4. mesophil (Hederetosum, Brachypodietosum), 
5. subxerophil (Convallarietosum), 6. xerophil (Lithospermetosum). Bei der Untersuchung von 
15 Arten mit hoher Charakteristik bezüglich ihrer Feuchtigkeitsgrad- bzw. Bodenvegetations- 
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FIG. 1 


bindung bediente ich mich der Probe der gemeinsamen Varianz zweier Populationen und bei 
den mathematischen Verfahren wählte ich die Wahrscheinlichkeitshöhe wie üblich mit 5%. 

Die Schneckenfauna der Auwälder im Ungarischen Alföld habe ich mit jener der von Gerhard 
Körnig untersuchten Auwälder Mitteldeutschlands verglichen. 


ALLGEMEINE VERHAELTNISSE 


In der Ausbildung der Oberfläche des Alföld hat seit dem Pleistozän die Arbeit der aus den 
das Karpathenbecken säumenden Bergen kommenden Flüsse eine sehr bedeutende Rolle 
gespielt. Die Weidenbestände und Auwälder gelangten entlang der lebenden und verlassenen 
Wasserläufe zur Entstehung. Wegen der seit dem Pleistozän häufigen Richtungsänderungen der 
Flüsse waren — wie aus der Kartenskizze (Abb. 2.) ersichtlich — die Weidenbestände und die 
Eichen-Ulmen-Eschenwälder noch vor kaum hundert Jahren von grösster Bedeutung. Von diesen 
Wäldern lassen sich die Maiglöckchen und Hainbuchen enthaltenden Eichenwälder ableiten. Die 


Wälder entlang den Flüssen und in den Hügelgegenden standen im Zusammenhang mit den 
Waldungen der Karpathen. 
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FIG. 2 


Die untersuchten Auwälder entlang der Flüsse entstehen mineralogen und die zum Vergleich 
herangezogenen Moorwälder auf organogenem Wege an den Wasserstaugebieten. Beiden Zu- 
ständen gehen Weidenbestände voraus. Aus den Weidengebüshen, aber auch aus den Erlen- 
Moorwäldern, können im Laufe der Sukzession Eichen-Eschen-Auwälder hervorgehen. 

Infolge der seit Anfang des Jahrhunderts stattfindenden Entwässerungen, Flussregulierungen 
und Rodungen ist das Klima der Ungarischen Tiefebene trockener geworden; die Niederschläge 
erreichen nur in den Randzonen 700 mm/Jahr. 

Die Wälder sind infolge von Kultureinwirkungen bedeutend weniger geworden. Heute sind 
5.7% der natürlichen Wälder bereits Inundationsweiden- und Auwälder und 0.3% Moorwälder. 
Diesen Zustand veranschaulicht Abbildung 1, wo auch die Sammelstellen eingezeichnet sind. 


ZUM VORSCHEIN GEKOMMENE ARTEN 


Im Laufe meiner Untersuchungen kamen im Pannonischen Alföld aus den genannten 
Waldtypen 73 Arten zum Vorschein; 28 Arten davon sind bisher aus dem Alföld noch nicht 
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mitgeteilt worden. 40% der 6666 Schneckenindividuen kamen aus Auwäldern, 40% aus 
Weidenbeständen und 20% aus Eschen-Mooren zur Beobachtung. Der grösste Artenreichtum war 
unter den Wäldern des Alföld in den Eichen-Eschen-Ulmen-Auwäldern mit 55 Arten zu 
verzeichnen-entgegen den Eschen-Mooren mit 27 und den Weidenbeständen mit 35 Arten. 47% 
der Arten sind Waldbewohner; bislang kamen sie in ungarischer Hinsicht vorwiegend aus 
Gebirgsgegenden zum Vorschein. Von den 47% Waldbewohnern wurden 30% mehr-minder 
regelmässig gefunden. Als nur im Pannonischen Alföld heimisch gilt bisher Hygromia koväcsii. 

Von grosser Bedeutung betreffs der Zusammensetzung der Malakofauna des Alföld ist, 
dass — entgegen der früher vertretenen Auffassung — die bisher als sporadisch bekannten, 
waldbewohnenden Arten in der Mehrheit der Auwaldbestände zu Charakterarten der Schnecken- 
bestände werden. Am ausgesprochensten ist diese Tendenz im Falle der Perforatella vicina im 
östlichen und nordöstlichen Bereich des Alföld. Im Donautal wird Arianta arbustorum, im 
Donau-Theiss-Zwischenstromland, in den Gebieten des gewesenen Donaulaufes, stellenweise 
Perforatella incarnata, im Südosten Hygromia kovacsii und im südlichen Alföld und, in Rumänien 
erneut Perforatella incarnata zur Charakterart, je nach dem, in der Nähe welcher Gebirgsgegend 
sich das Gebiet befindet. Aufgrund des Vergleiches der in den Wäldern unterschiedlichen 
Feuchtigkeitsgehaltes lebenden Arten nach Feuchtigkeitsgraden ist festzustellen, dass in den 
lichtreichen Wäldern jene Arten konstant-dominant werden, die neben ihrem Feuchtigkeits- 
anspruch in verschiedenem Grade auch oligotherm sind, wie z.B. Aegopinella minor, Succinea 
oblonga, Bradybaena fruticum, Euomphalia' strigella, Arion subfuscus. 


IDENTIFIZIERUNG DER SCHNECKENBESTÄNDE 


Die Struktur der Schneckenbestände in den allen drei Waldtypen angehörenden Wäldern ist 
durch 2-3 Arten hoher und 3-5 Arten mittlerer Konstanz charakterisiert. Pro Wald werden 7-24 
Arten gezählt. Die auf 1m? umgerechnete Dichte der Gesamtindividuen bewegt sich mit 
300-1500 innerhalb weiter Grenzen. In den feuchteren Gebieten liegt sie höher, in den 
trockneren und degradierten oder Kultureinflüssen unterstehenden niedriger. 

Die von Phytozönologen festgestellte Sukzessionsbeziehung der drei Waldtypen wird weit- 
gehend unterstützt durch die anhand des Vergleiches der Schneckenbestände in den einzelnen 
Wäldern der Waldtypen erhaltenen Arten- und Konstanzidentitätswerte. Aufgrund der Berech- 
nungen ergeben die Schneckenbestände der typischen Waldbestände aller drei Waldtypen in 
einem Grossteil der Fälle auf dem gesamten untersuchten Gebiet des Pannonischen Alföld eine 
signifikante Artenidentitat und Konstanzidentität. Die Wälder der organogen entstehenden 
Eschen-Moore zeigen keine signifikante Artenidentität mit der summierten Artenliste der Wälder 
der Auwälder, nur einzelne Eschenwaldbestände mit einzelnen Auwaldbeständen. Gleichzeitig 
zeigt die summierte Artenliste der Schnecken der Sa/icetum albae fragilis-Bestände eine 
signifikante Identität mit der summierten Artenliste der Schnecken in den Auwäldern | während 
die Schneckenbestände der Vegetationskonsoziationen und degradierten Waldbestände keine 
Arten- und Konstanzidentitat mit den Schneckenbeständen der typischen Waldbestánde 
erkennen lassen. 

Die Resultat der Artenidentitätsberechnungen werden andererseits ergänzt und die 
Beziehung der drei Waldtypen — dem Sukzessionsgang entsprechend — demonstriert auch durch 
die Grade der Vorkommenskonstanzen der Schneckenarten. In jeder Kategorie der in fünf 
Gruppen unterteilten Konstanzprozentsatzwerte befinden sich gemeinsame Arten für alle drei 
Waldtypen. Die in Tabelle 1 angeführten Arten sind in verschiedenen Konstanzgraden aller drei 
Waldtypen vertretene, gemeinsame Arten. Die gemeinsamen Arten, die aus gleichzeitig lokal 
waldweise wie auch regional konstanten Arten hervorgehen, sind mit Bbezeichnet. 

Die gemeinsamen Arten nehmen in für die Waldtypen kennzeichnender Weise ihren Platz mit 
jeweils wechselnden Konstanzwerten in den einzelnen Konstanzgruppen ein. 

In Richtung der Auwälder fortschreitend steigt in der Sukzessionsreihe der Wert der 
oligothermen Arten an, während der Konstanzwert der die Uferfeuchtigkeit liebenden nachlässt. 
Eine in allen drei Waldtypen gemeinsame Art mit hohem Konstanzwert ist Succina oblonga. In 
den Eschen-Moorwäldern und Auwäldern kommen dazu noch Bradybaena fruticum und Cepaea 
vindobonensis. Nur in den Auwäldern erreichen neben den erwähnten Arten Aegopinella minor 


ug Perforatella vicina hohe Konstanzwerte, und hier tritt als ständige Art auch Helix pomatia 
auf. 


BABA 


Tobelle 1 


Salicetum triandrae Fraxino pannonicae-| Fraxino pannonicae- 
Salicetum albae fragilis | Alnetum hungaricum | Umetum pannonicum 


Arten von 


Stetigkeit 
in Prozent 


Pomatias elegans (O.F.Müll.) 
Pomatias rivulare (Eichwald ) 
Carychium minimum O.F.Müll. 
Carychium tridentatum Risso 
Cochlicopa lubrica (O.F.Mull.) 
Cochlicopa lubricella Porro 
Columella edentula (Drap.) 
Truncotellina cylindrica (Fer.) 
Vertigo angustior Jeffreys 
Vertigo pusilla O.F. Mull 

Vertigo antivertigo Drap. 

Vertigo pygmaea (Drap.) 

Abida frumentum (Drap.) 
Pupilla muscorum L. 

РирШа sterri carpathica Kim. 
Vallonia pulchella (O.F.Müll.) 
Yallonia costata (O.F.Müll.) 
Acanthinula aculeata (О.Е. Müll.) 
Chondrula tridens (O.F.Müll.) 
Succinea putris L. 

Succinea oblonga Drap. 
Succinea elegans Risso 
Punctum pygmaeum Drop. 

Arion circumscriptus Johnston 
Arion subfuscus (Drap.) 

Arion hortensis Fer. 

Vitrina pellucida (О.Е. Müll.) 
Vifreo contracta Westerl. 
Vitrea crystallina (О.Е. Müll.) 
Nesovitrea hammonis (Stróm.) 
Aegopinella pura (Alder) 
Aegopinella minor (Stabile) 
Oxyhillus glober (Rm.) 
Oxyhillus inopinatus Uliény 
Zonitoides nitidus (O.F.Müll.) 
Limax maximus L. 

Limax cinereoniger Wolf 
Limax tenellus О.Р. МО. 
Limox nyctelinus Bourg.? 
Deroceras laeve (О.Е. Müll.) 
Deroceros agreste (L.) 
Deroceras reticulatum (O.F.Müll.) 
Deroceras sp. 

Euconulus fulvus (O.F. Mull.) 
Ceciliodes acicula (ОЕ Mull) 
Cochlodina laminata (Montagu) 
Clausilia pumila C.Pfeiffer 
Laciniaria biplicata (Montagu) 
Laciniaria plicata (Drap) 
Bradybaena fruticum (O.F. Müll.) 
Monacha cortusiana (О.Е. Mull.) 
Perforatella bidentata (Gm.) 
Perforarella dibothryon ( Kim.) 
Perforatella rubiginosa (A.Schm.) 
Perforotella incarnota (O.F.Müll.) 
Perforatella vicina (Rm) - 
Hygromia Franssylvanica (Rm.) 
Hygromia kovacsii Vorga, Pinter 
Euomphalia strigella (Drap.) 
Helicigona banatica (Rm.) 
Helicigona arbustorum (L.) 
Isognomostoma isognomostoma (Schreter) 
Cepaeo vindobonensis Fer. 

Cepaea hortensis (О.Р. Müll.) 
Helix pomatia L. 

Helix lutescens Rm. 

Nur von L.S00s, 3 Vagrólgyi u. A. Richnovszky gefunden: 
Acicula polita (Hartm.) 
Truncatellina claustralis (Gredler) 
Vertigo moulisiana (Drap.) 
Discus rotundatus (О.Е. Müll.) 
Graciliaria filigrana ( Вт.) 
Trichia unidentata Drap. 

Trichia hispida (L.) 
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DER URSPRUNG DER SCHNECKENBESTAENDE DER WAELDER 


Die Armut der Eschen-Moorwälder an Arten—und innerhalb dessen an waldbewohnenden 
Elementen und Individuen—sowie das Fehlen der Artenidentität mit den Weidenbeständen und 
Auwäldern weisen ihnen in der Sukzession einen gesonderten Weg an. Im Falle der Schnecken- 
bestände der Eschen-Moorwálder ist von einem parallel neben den Weiden- und Auwäldern 
gedeihenden Okotyp die Rede, deren Sukzession in die Auwälder mündet. 

Demgegenüber weisen die signifikante Artenidentität der Weidenbestände und Auwälder, ihr 
Reichtum an Arten und waldbewohnenden Elementen und nicht zuletzt ihr Entstehen entlang 
der Flüsse eindeutig darauf hin, dass diese Waldungen ihren Faunennachschub durch Vermitt- 
lung der Flüsse und ihrer Sumpfsysteme erhalten haben dürften. Manchenorts ist daneben auch 
heute noch an den die Bergfüsse mit der Tiefebene verbindenden Waldgebieten die Ausbreitung 
der Arten direkt von den Gebirgsgegenden her ins Alföld zu beobachten. 

Vom Beginn des Jahrhunderts an sind beide Nachschubwege Kultureinflüssen unterzogen 
worden. Infolge der Flussverunreinigung, des Errichtens von Stauwerken und Flussregulierungen 
sind in den heutigen Weidenbeständen nur 13% der Fauna von Gebirgsgegenden ableitbare 
Waldbewohner. In den relativ unberührteren, von den Flüssen durch Entwässerungen bereits 
weiter entfernt liegenden Auwäldern bilden die Waldbewohner auch heute 20% der Fauna. Auch 
die Auwälder erfüllen eine faunentransportierende Rolle. In den aus diesem Waldtyp mittels 
Sukzession hervorgehenden anderen Waldtypen sind die durch Flussvermittlung ankommenden, 
waldbewohnenden Schneckenarten nachweisbar. 

Am intensivsten ist der montane Einfluss der Schneckenfauna im nordöstlichen Bereich der 
Pannonischen Tiefebene, wo 30% der Gesamtfauna Waldbewohner bzw. die endemischen Arten 
der Nordöstlich-Ostlichen Karpathen ausmachen. Besonders kennzeichnend für dieses Gebiet ist, 
dass neben der aus den Östlichen Karpathen stammenden Perforatella vicina an manchen Stellen 


in von dieser Art isolierten Populationen auch die in den Nördlichen Karpathen verbreitete 
Perforatella incarnata anzutreffen ist. 


ABWEICHUNGEN VON ANDEREN MITTELEUROPÄISCHEN AUWÄLDERN 


Mit der Schneckenfauna der als Vergleichsbasis herangezogenen Auwälder Mitteldeutschlands 
zeigen die Auwälder des Pannonischen Alföld nur eine 39-prozentige Übereinstimmung. Die 
Artenidentität ist laut der Chi?-Probe nicht signifikant. 

Die Fauna der deutschen Auwälder enthält um 11% mehr Typenelemente eurasisch-alpiner 
Verbreitung. Gleichzeitig ist die Zahl der westlich-palaearktischen Elemente in den Pannonischen 
Auwáldern—vor allem wegen der Arten des karpathischen, mediterranen, pontischen und 
podolischen Areals—um 16% grösser. Aufgrund ähnlicher, aber geringfügigerer Abweichungen hat 
Prof. Rezsó Soo phytozönologisch die Pannonischen Auwälder von den mitteleuropäischen 
Eichen-Ulmen-Eschen-Auwäldern getrennt. Die Auwälder Ungarns sind somit auch hinsichtlich 
ihrer Schneckenfauna typisch südost-europäischen Pannon-Charakters. 
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ABSTRACT 


TERRESTRIAL MOLLUSKS OF OAK, ELM AND ASH GROVES WHICH GROW 
ALONG THE RIVERS OF THE HUNGARIAN LOWLAND. 


The successional connections between the willow plantations, ash fenwoods and oak-ash-elm gallery forests 
that are in vegetation-successional connection with each other, can be demonstrated on the basis of the snail 
stands as well. The woods associated successionally are showing with mathematical methods a significant 
identity of species and constancv with one another. 

The willow plantations and gallery forests get their species supply by means of rivers from the direction of 
mountains. The gallery forests, parallel with the vegetational succession starting from them, are the spreaders 
of the fauna towards the internal parts of the Plain. 

The ash-fens developing in an organogeneous way are, both plant-cenologically and on the basis of their 
snai! stands, representing a parallel developmental line, leading anyway into the gallery forests. 

The gallery forests of the Pannonian Plain have, owing to their snail species cf Mediterranean, Pontic, and 


Podolic areas, a characteristic southeastern European feature and are differing from the snail fauna of the 
gallery forests in Central Germany. 
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ZOOGEOGRAPHIC AND TAXONOMIC RESEARCH IN MACRONESIA, 
ESPECIALLY THE AZORES 


W. Backuys 


Natuurhistorisch Museum, Rotterdam, Nederland 


ABSTRACT 


Since 1968, the author has been a member of an international team of scientists, carrying out research on 
the zoogeography, taxonomy and ecology of Macronesia, the zoogeographical province consisting of the 
Canary Islands, Madeira, the Salvages Islands, the Cape-Verde Islands, the Azores and the southwestern part 
of the mainland of Morocco. 

From a malacological point of view, the Canary Islands and Madeira are relatively well known. The Azores, 
however, are relatively seldom visited by malacologists and our knowledge of the malacofauna of this 
archipelago is relatively poor. The Azores are the most remote of all Atlantic archipelagos and lie outside the 
influence of the trade winds. 

The eastern and central islands of the Azores were visited from May to July, 1969 by our team, with the 
intention of adding contributions to our knowledge of the biogeographic position of the Azores, especially in 
relation to the fauna of the other archipelagos. 

The results obtained were in many respects in accordance with what had been expected in view of the 
geographical position of the Azores: a discordantly composed indigenous fauna consisting of relatively few 
species belonging to a high number of different families and genera, of mainly west Palaearctic origin, 
and many introduced species which apparently had found it possible to survive only after the arrival 
of man. These latter species now are dominant in many parts of the islandsdue to the extreme destruction of 
natural habitats. 

Freshwater abounds in the Azores. Indigenous freshwater gastropods are, however, absent. The few 
species of freshwater gastropods that can be found now are all introduced by man. One species of Pisidium 15 
probably indigenous. 

In comparison with the Canary Islands and Madeira, the number of species of land gastropods is low also. 
About 75 species of land gastropods occur on the Azores, while from the other 2 archipelagos mentioned 
about 185 species are known. The number of endemic species is relatively low, and the number of species 
introduced by man is relatively high. 

In some important respects the results differed from what we had expected: 1) radiation was observed in 
few taxa and to a small extent only; 2) the formation of taxa with vicariating distribution on the different 
islands of the Azores seems to have taken place only very sporadically; 3) indigenous species of Nearctic 
origin are very scarce. In the Mollusca, not a single indigenous species of Nearctic origin is known. The 2 
species of Nearctic origin that can be found now on the Azores were both introduced by man. 

In some higher taxa, there are very few endemic species; in others, they form a considerable part of the 
fauna and sometimes reach a percentage equal to that found on, e.g., Madeira. Species of ‘’Macronesian”’ 
distribution are to be found in small numbers, but in many higher systematic units. 

Generally, the indigenous fauna of the Azores gives the impression of being less evolved than that of 
Madeira and the Canary Islands. 
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ABSTRACT 


Studies of the distribution of terrestrial molluscs in relation to their environment 
should be placed on a firm quantitative basis by including absolute population estimates. 
Descriptions of the habitats should be improved by a fuller and more systematic 
collection of data. Classifications of faunal associations are unlikely to reveal the 
underlying causes for the observed distributions. These causes are more logically 
identified for each species by multiple regression or multiple discriminant analysis on 
ecological factors. However, classifications of living faunal associations are of use for 
palaeoecological interpretation of Pleistocene fossil assemblages. 


INTRODUCTION 


The purpose of this review is to suggest how the application of existing methods, many 
developed in other contexts, could advance the value of surveys of the distribution of terrestrial 
molluscs. If such surveys are to provide useful ecological information a rigorous approach to 
sampling is required. The object is to gain an understanding of the relationships of terrestrial 
molluscs to both the physico-chemical and biotic features of their environment. It would be 
desirable to synthesise this picture from detailed field and experimental studies of each species, 
but in reality the task is very great. 

An approach which has often been adopted 1$ the analysis of the occurrence of faunal 
assemblages at a large number of sites. Before analysis can be attempted, a description of the 
field situations has to be prepared. The description itself will be influenced by the implicit 
views of the ecologist about the nature of faunal relations. It is therefore most important to 
clearly define the hypotheses which are being tested. There is a danger that the imposition of 
specific models will lead to the loss of interesting points which might have come out of 
empirical investigations (cf. Van Valen & Pitelka, 1974). To ask what controls the upper limit 
to diversity is a meaningful exercise (Margalef, 1972) but to compute a diversity index solely as 
a descriptive technique is unproductive (Hurlbert, 1971). When introducing a theoretical island 
biogeography, MacArthur & Wilson (1967: 8) stated, “Our ultimate theory of species diversity 
may not mention area, because area seldom exerts a direct effect on a species” presence. More 
often area allows a large enough sample of habitats, which in turn control species occurrence”. 
Solem (1973) found the species-area model unsatisfactory for explaining snail diversity оп 
Pacific Islands and urged that further field observations be made. This emphasises that the 
primary objective should be to seek good quantitative information on mollusc habitats, the 
problem being how to obtain it. 

Various approaches to the description of terrestrial mollusc habitats have been made. The 
recent paper by Cameron (1973) contains many of the leading references. It is certainly most 
difficult to describe field situations in a meaningful way so that comparisons can be made 
between different places. This is partly because of the enormous complexity of real situations 
and also because of the difficulty of choosing a priori factors which are efficient in accounting 
for the variability. The quantification of the animal populations themselves may present 
numerous problems. If one significant biological fact about an animal is overlooked, the 
interpretation of its distribution in terms of any number of painstakingly measured physical and 
chemical factors may be invalidated. It will always be necessary to take account of such 
biological information as it becomes available. 
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Boycott (1934) considered that the local distribution of land snails in Britain could be 
primarily related to moisture, shelter and the availability of calcium. Because of the omnivorous 
habit of the majority of terrestrial molluscs, Boycott rejected food as a factor affecting their 
distribution. Lack of food in addition to the physiological rigors of the environment may 
perhaps play a part in limiting snails in the more oligotrophic habitats. Boycott also largely 
rejected the possibility that terrestrial mollusc populations could be reduced by interspecific 
competion and thought the influence of predation minimal. More recent studies have 
demonstrated the influence of predation in specific cases (e.g., Cain € Sheppard, 1950; 
Yom-Tov, 1970). 


FIELD AND LABORATORY METHODS 


The difficulty of obtaining adequate population estimates of the mollusc species present at a 
site depends very much on the structural complexity of the habitat. No sampling method 15 
without bias and the limitations should be recognised. Determination of the extent to which 
structural complexity influences mollusc distribution is a necessary part of any investigation. In 
a relatively uniform habitat such as grassland, sampling presents few problems (Chappell et a/., 
1971). In temperate woodland fallen branches may affect snail distribution and introduce 
seasonal variability in dispersion (Lloyd, 1963). In tropical rain forests, molluscs are found at 
all levels, from the soil surface to the canopy, and show marked stratification (Peake, 1968). 
Further difficulties are presented by species of rupestral or subterranean habit. 


Site selection 


In situations of structural simplicity, a well defined plot of known area should be the basic 
unit for the study of the habitat of terrestrial molluscs. In the field, the recognition and 
selection of a uniform, homogeneous area of vegetation is the first requisite. In studies of plant 
associations in Britain, it has been usual to use a square plot which is slightly larger than the 
estimated ‘minimal’ area (Poore, 1955). In practice, this has meant areas of 16 т? in woodland 
and 4m? in other habitats (McVean & Ratcliffe, 1962; Birks, 1973). Lamotte (1951) has 
shown that the panmictic unit of Cepaea nemoralis (Linnaeus) is approximately 35 m, but there 
are no figures for smaller species. An area of 1000 т? should probably be the maximum size of 
a single plot from which to sample terrestrial molluscs. | have routinely used a plot of 
10mX 10 m. In situations of structural complexity, methods will be less readily standardised. 
The choice of sampling unit will depend on the topology of the site, but it should at least be 
clearly defined. 


Sampling of the Mollusca 


The problems of estimating terrestrial mollusc populations have been reviewed by Newell 
(1971). Quadrat sampling methods have generally been employed and the animals often have to 
be recovered from samples in the laboratory. Population estimates by mark, release and 
recapture have also been successful, but are less appropriate to the type of survey under 
discussion here. Baiting and trapping methods are not suitable because they disturb the natural 
conditions. They may be of value in detecting the presence of rare or secretive species. 

| suagest that it would be valuable to make population estimates by random quadrat 
sampling during the course of faunal surveys. The advantages of quadrat sampling over a 
qualitative approach far outweigh the extra time involved, which is in any case not necessarily 
much greater. Quadrat sampling enables information about the spatial dispersion of the 
population to be obtained, allows a level of precision to be set on the population estimates and 
permits the significance of inter-site comparisons to be measured. When there are obvious 
environmental differences within a site, such as bare ground versus moss cover, the influence 
can be assessed and an overall population estimate obtained by stratified random sampling 
(Elliott, 1971, p 132). Quadrat sampling of the ground will give a good representation of the 
fauna present in the soil, litter and lower vegetation layers. It is likely to under-represent 
species with strong micro-habitat preferences, such as slugs. A special search should be made for 
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these and their presence noted, but adequate population estimates have to await the application 
of mark, release and recapture techniques. 

The mechanics of extraction of molluscs from soil and litter samples presents more difficulty 
than is the case with many other invertebrate groups. It is essential to obtain the animals in a 
live or preserved state for identifications involving anatomical investigations. Mason (1971) used 
a modified Vagvolgyi flotation method for separating snails, but this involved drying out the 
animals and is inapplicable to slugs. Hand sorting is laborious, but there are various ways of 
facilitating the process. Samples should be fractionated by sieving and each fraction should be 
worked through a number of times until further search yields less than 1% of the total number 
of animals recovered. Samples which are too wet for the more rapid dry sieving should be 
washed through the sieves with water. Simple flotation can then aid the separation of each 
fraction, organic material and empty shells coming away first, followed by live animals and 
finally soil. It is nevertheless advisable to check all the material as the live animals do float to 
different extents depending upon the quantity of air in the pulmonary cavity. Although samples 
are best taken on an area basis, a record should be made of the volume of substrate from which 
the animals have been extracted. 

Mason (1974) has reviewed the results of population estimates of terrestrial molluscs, 
including information on biomass and production. At a calcareous British beechwood site, the 
most abundant species had 400 times the density of the rarest species. The absolute density of 
populations of single species of terrestrial molluscs probably ranges from about 0.1-1000 
individuals per m?. The highest average population density recorded to date (Berry, 1966) is 
886 individuals per m? for Hydrocena monterosatíana (Godwin Austen 8 Nevill) in a rupestral 
habitat. | have detected Columella aspera (Waldén) at densities as low as 0.2 individuals per m? 
in oligotrophic habitats in Scotland (Bishop, unpubl.). 

For adequate confidence limits to be set on the estimates, population dispersion has to be 
taken into account (Elliott, 1971). If population contagion is detected, it may be possible to 
relate this either to environmental heterogeneity or to aggregation of the species for other 
behavioural reasons such as breeding. Such complications make it difficult to generalise about 
what is likely to constitute a statistically adequate sample. | consider the removal of 30 samples 
of 0.25 m X 0.25 m to be a reasonable starting point for an investigation. 

Populations of organisms are variable in time and a resurvey of the sites will clearly be 
necessary to establish the extent of temporal changes. The evidence available (Mason, 1970) 
suggests that some small litter dwelling molluscs exist as relatively stable populations. Goodhart 
(1973) has demonstrated stability in both population density and genetic composition of a 
colony of Cepaea nemoralis over a 16 year period. These observations offer encouragement to 
those who wish to draw conclusions from a study made at one point in time. 


Site description 


Habitat attributes of species are most difficult to quantify. A clear theoretical formalization 
of habitat hypervolume has been presented by Whittaker, Levin & Root (1973). Attempts to 
apply this to real situations are at an early stage of development. In the meantime we have to 
rely on more subjective evaluations. For example, Vertigo moulinsiana (Dupuy) is a snail of 
very restricted habitat throughout its geographical range (Butot & Neuteboom, 1958). More 
difficulty is presented in the case of Pupilla muscorum (Linnaeus), which is common in dry 
calcareous grassland in Britain, whereas in Sweden it also occurs in marshes. Ant (1963) 
demonstrated a bimodal relative humidity curve for occurrence of the species in its habitats in 
northwest Germany. Lastly, Trichia hispida (Linnaeus) occupies a wide range of habitat, 
including grassland, marshes and woods. 

Systematic collection of habitat information is essential. The geographical location of the site 
should be carefully recorded, preferably to the nearest 100 m using an appropriate grid system. 
Distributional data can then be fed directly to the appropriate national mapping scheme. The 
Universal Transverse Mercator Grid is favoured for this purpose in Europe (Kerney, these 
proceedings). Physiographic features including altitude, slope and aspect should be noted. A 
photographic record of the site is most useful. Climatic influences generally have to be adduced 
from the available local records. Rainfall and mean temperature measurements are important, 
but the distribution of organisms is more likely to be explained by such measures as potential 
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water deficit or maximum summer temperature (Conolly & Dahl, 1970). Micro-climatic 
measurements are generally too time consuming to play a part in distributional surveys. 

Information about solid geology and soil types are obtained in the field and soil and litter 
samples removed for laboratory testing. Field measurements of pH may be of value, particularly 
when the electrode is inserted directly into the substrate. Many soil parameters will doubtless 
be redundant in explaining mollusc distribution. Amongst the more important measures are 
likely to be soil moisture state, oxidisable carbon, nitrogen, phosphorus, and exchangable 
cations (Ca, Mg, K, Na). The abundance of litter feeding animals may be related to the carbon 
to nitrogen ratio and the calcium content of the litter. 

The procedure adopted for the description of the vegetation must be a practical compromise 
between an approach which is too time consuming and notes which are too scanty to be of 
value. The approach adopted by McVean & Ratcliffe (1962) is appropriate for European 
conditions. The cover abundance of the more important taxa are estimated on the 10 point 
Domin scale, in conjunction with an estimate of cover of the different vegetational strata and 
notes on vegetation structure. This procedure can be rapidly completed № printed lists (such as 
are supplied by the Biological Records Centre) are available in the field. Collections of difficult 
taxa and plants such as bryophytes and lichens can be made for later identification. Such 
descriptions of vegetation may contain a subjective element, but they do permit ready 
comparison between sites. 

А vexed question is the influence of so called “historical factors”, which are largely 
indeterminate. Vegetational changes at a site are likely to occur at completely different rates 
from changes in fauna. A change from grassland to scrub will alter mollusc populations, but no 
study has demonstrated the effects or established to what extent ‘relict’ grassland species can 
survive in scrub. Following the setting up of nature reserves with known patterns of 
management, we are in a better position to monitor such changes. Cameron (1973) considered 
that woodland sites on the South Downs had reached equilibrium with regard to mollusc faunas 
in spite of considerable evidence of human interference. 


METHODS OF INTERPRETATION 


A major objective of ecological surveys has been to search for repeated patterns in nature in 
the hope of being able to produce classifications of the observed ‘communities’. However, the 
nature of communities is a matter of much debate. Can the interactions between organisms be 
such that their probability of joint occurrence is increased? Alternatively, are species inde- 
pendently distributed (apart from the clearly recognisable cases of strong interactions including 
predation, symbiosis or parasitism) in a manner related only to features of the physical 
environment, producing associations without functional significance? As Yarranton (1967) has 
pointed out, a procedure of classification or ordination has the community concept implicitly 
within it and contains the possibly unjustifiable assumption that the constituent species may be 
treated collectively. The fact that a classification of species abundances at a number of sites 
produces distinct groups does not demonstrate that these groups are organised as communities. 
The observed associations may merely be produced by particular habitats being either optimal 
or marginal for the species involved. The more logical approach, therefore, is to determine to 
what extent environmental factors control the abundance of each species in the habitats in 
which it occurs. Multiple regression analysis is an appropriate technique for this purpose 
(Austin, 1971). A non-linear model 1$ likely to be more successful in view of the commonly 
unimodal nature of species response to environmental factors. Multivariate techniques, such as 
multiple discriminant analysis, have been suggested as an alternative (Green, 1971, 1974). The 
usual care in biological interpretation is necessary, as we can detect strongly associated 
variables, but cannot be certain of causality. 

Recent quantitative work has suggested the existence of characteristic molluscan assemblages 
associated with different types of vegetation and my work at Wicken Fen (Bishop, unpubl.) 
supports this. Analyses of this type introducing a time factor (Williams & Stephenson, 1973) 
have not yet been undertaken for terrestrial molluscs. Solem (1959) is probably correct in 
thinking that it is the physical nature of the habitat, rather than biotic factors per se, which 
produce the observed correlation between snail distribution and vegetation. If other physical 


BISHOP 65 


features were invariant, it is likely that vegetation structure rather than floristic composition 
could be shown to be the most important. Descriptions of vegetation required for the 
explanation of mollusc distribution should therefore take into account the physiognomy of the 
vegetation. 


PALAEOECOLOGICAL IMPLICATIONS 


Sparks (1961, 1964) has discussed the interpretation of fossil assemblages of terrestrial 
Mollusca from Pleistocene deposits in the British Isles. Counts of individuals from sediment 
samples are best presented as histograms of absolute abundance (Kerney, 1963). There is 
probably little need for further mathematical treatment, although the zonation of pollen 
diagrams by numerical methods has been investigated (Gordon & Birks, 1972). Palaeoecological 
interpretation is based largely on the ecological work of Boycott (1934), in conjunction with 
the known present day distribution of the species in Europe and such ecological information as 
can be gleaned from the literature. 

There has been little work on the nature of processes by which modern land snails are 
incorporated into recent sediments. In a marine environment, Warme (1971) has shown that the 
relative order of abundance of living bivalve populations in Mugu Lagoon is closely approxi- 
mated by the death assemblages. This approach could be extended to other sediments formed 
without excessive disturbance. A semi-terrestrial fen peat might be suitable for study. Some 
measure of the relative rates of destruction of the shells of different species could be obtained. 
Fluvial deposits containing terrestrial molluscs would present greater difficulty of interpretation. 
One approach would be to determine how the known populations of living snails were 
represented in stream sediments in a small drainage basin. 

Improvements in palaeoecological interpretation would certainly be forthcoming if further 
quantitative information about modern snail populations were obtained (Evans, 1972). | have 
outlined above methods of sampling and analysis which | believe are needed to produce the 
desired information with a not unreasonable expenditure of effort. The total geographical range 
of species should be taken into account. Classifications or ordinations of modern land snail 
associations and their relation to vegetation are useful for comparison with fossil assemblages. 
We should also be investigating the causal factors which create the assemblages and attempting 
to measure habitat width and overlap for the various species involved. 
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ZUSAMMENFASSUNG 


Untersuchungen über die Beziehungen von Landmollusken zu ihrer Umwelt sollten auf 
quantitativer Basis und unter Einbeziehung von Berechnungen der absoluten Bevölker- 
ungsdichte durchgeführt werden. Beschreibungen der Habitate sollten ebenfalls durch 
umfangreicheres und systematischeres Sammeln von Informationen verbessert werden. Die 
Klassifizierungen der Faunengesellschaften legen vermutlich nicht die Ursachen für die 
beobachteten Verbreitungsmuster offen. Diese Ursachen können besser und logischer für 
jede Art durch multiple Regression oder multiple Diskriminanzanalyse ökologischer 
Faktoren identifiziert werden. Immerhin sind Einstufungen der lebenden Faunengesell- 
schaften für paläo-ökologische Interpretationen fossiler Vergesellschaftungen aus dem 
Pleistozän nützlich. 


EXTRAIT 


Les études sur la distribution des mollusques terrestres par rapport a leurs conditions 
ambiantes devraient étre placdes sur une ferme base quantitative comprenant des estima- 
tions absolues sur les populations. La description du milieu ambiant devrait etre ameliorde 
par une récolte plus complete et systématique de données. Il est improbable que les 
classifications des associations fauniques en revelent les causes pour les distributions 
examinées. Les causes sont plus logiquement identifiées en chaque espèce par une régression 
multiple ou par une analyse discriminante multiple sur les facteurs écologiques. Cependant, 
les classifications des associations fauniques vivantes sont utiles pour une interpretation 
paléoécologique des pieces fossiles du Pléistocène. 
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RESUME 


La faune malacologique de deux regions de mangroves du Senegal (Parc national de 
Basse-Casamance, Parc naturel de Sine-Saloum) est decrite et divisee en trois associations, 
parallélement á la zonation des végétaux. Ce peuplement est comparé а celui de la lagune 
Ebrié et des autres mangroves du Monde. 


INTRODUCTION 


Nos connaissances sur les mangroves du Monde ont été marquees par d'importants progres, 
principalement au cours des vingt dernières années; la region Caraïbe, l'Indonésie et surtout le 
sud de l'océan Indien (Macnae, 1968) ont été cependant beaucoup mieux etudies que l'ouest 
africain: si l’on fait exception des quelques travaux de systématique dans lesquels il est question 
d'especes vivant dans les mangroves (Dautzenberg, 1912; Pilsbry & Bequaert, 1927: Fischer- 
Piette & Nickles, 1946), le seul travail d’ecologie sur les Mollusques des mangroves ouest- 
africaines est celui de Binder (1968) pour la lagune Ebrie. Les mangroves s’etendent sur la cote 
africaine de l'Océan Atlantique, depuis l'Angola jusqu'a la Mauritanie et les resultats présentes 
ici s'ajoutent a ceux de Binder car les mangroves du Senegal se trouvent a pres de 2000 km de 
celles de la lagune Ebrié et leur cortege faunistique est sensiblement different; d'autre part, la 
lagune ivoirienne est soumise a une tres importante dessalure, ce qui n'est pas le cas des regions 
sur lesquelles j'ai porté mon attention. 


LES MANGROVES DU SENEGAL 


J'ai pu visiter au cours d'une mission de 9 semaines sur les cotes du Senegal en 1973 deux 
regions de mangrove de part et d'autre de la Gambie: 

au Nord, le parc naturel des ¡les du Saloum est situe, avec les iles Betanti, dans les estuaires 
du Sine-Saloum (Fig. 1). Cette vaste zone, soumise а l'influence de la marée, représente la limite 
septentrionale des grandes foréts de paletuviers: en effet, dans l'estuaire du fleuve Senegal, оп 
пе trouve plus que quelques buissons épars et plus au Nord, en Mauritanie, persistent seulement 
des formations a Avicennia, jusqu'au Cap Timris (19°50'N). 

au Sud, le parc national de Basse-Casamance, dont un tiers environ des 7000 ha. est occupe 
par la mangrove, fait partie du grand ensemble de forêts s'étendant de l'estuaire du fleuve 
Casamance jusqu'à la Guinée Bissau. 

La situation de ces forêts permet de les rattacher aux mangroves d'estuaire et de delta du 
domaine occidental (Hampartzoumian 1971: 19-27) à cote des deltas du Niger, du Wouri etc. 

Les récoltes ont été effectuées à marée basse ou à l’aide d'une petite drague a main 
manoeuvree depuis la pirogue. Le sediment était tamise sur mailles de 0.7 mm. 

La végétation et la faune, aussi bien malacologique que carcinologique, se répartissent еп 
quatre zones qui se succèdent parallèlement au rivage. 


ÎJe tiens à remercier Monsieur Dialo, Inspecteur des Pêches à Kaolak, qui nous a donné les moyens matériels 
de travailler dans la région du Sine-Saloum et Mrs. Dupuy et Sane qui ont facilité notre travail et notre séjour 
au parc de Basse-Casamance en saison des pluies. Je remercie également Melle Danrigal pour son aide sur le 


terrain et mes collègues Nickles et Marche-Marchad pour leur concours dans la détermination des matériaux 
récoltés. 
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FIG. 1. La region d'estuaires du Sine-Saloum. 
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1) Forét ouverte 


| s’agit d'une forêt claire a Avicennia africana (“black mangrove’’), Rhizophora harrisonii et, 
dans une moindre mesure, R. mangle: la densité du couvert végétal permet de s'y déplacer avec 
une relative aisance. Cette zone, la plus éloignée du rivage, occupe de vastes surfaces (Fig. 2) et 
n'est couverte que par 10 a 20 cm d’eau a maree haute. 

On n'y rencontre que quelques especes, que l'on peut tenir pour caractéristiques: Tympano- 
tonus fuscatus (Linnaeus), prosobranche limivore dont la densite peut atteindre plusieurs 
dizaines d'individus par metre carre, et le pulmone Ме/атриз liberianus H. & A. Adams, qui se 
nourrit des ecorces de Rhizophora. 

Cette premiere zone est aussi celle du crustace Brachyoure Uca tangeri (Eydoux) dont les 
enormes populations creusent des terriers dans la vase. 


2) Rideau de berge 


L’arbre Rhizophora racemosa forme en bordure des marigots des barrieres pratiquement 
infranchissables, hautes de 3 a 5 m dans le Sine-Saloum mais depassant une quinzaine de metres 
en Basse-Casamance. 

Les parties aériennes hebergent le gasteropode Littorina angulifera Lamarck qui se nourrit des 
feuilles du Rhizophora. 

Les racines echasses des palétuviers sont largement soumises au rythme des marees et abritent 
une faune plus variée, caractéristique: 

Brachyodontes niger (Gmelin) 

Crassostrea gasar (Dautzenberg) 

Thais forbesi (Dunker) 

Thais callifera (Lamarck) 

Les Thais sont les predateurs des Bivalves; l'espece forbesi est remplacée en Casamance par 
callifera. 

Cette petite communauté est l’equivalente, sur la cote Ouest-africaine des communautes а 
Isognomon (Robertson, 1960) ou a Crassostrea rhizophorae (Coomans, 1969) de la province 
caraibe. 


3) Platier vaseux 


Alors que dans les forêts de mangrove de l'Indo-Pacifique la zone a Rhizophora se prolonge 
vers la mer par une zone à Avicennia et Ceriops, cette portion du littoral n'est pas colonisee par 
les arbres au Sénégal. On se trouve en presence d'un large platier vaseux, profond de 1 à 5 m, 
pouvant s’etendre sur plusieurs kilometres de large (Saloum, Diombos, sud du Bandiala). Cette 
vase, appelée poto-poto, peut-étre colonisée par des Zosteres dans les parties les plus oceaniques de 
la mangrove: villages de Niodior, Dionouar face à la pointe de Sangomar; îles Betanti face au 
village du même nom. 

Ce platier porte lui aussi une faune tres originale, à côte d'especes de mer libre qui 
remontent plus ou moins loin dans les marigots (Binder, 1968). 

Espèces caractéristiques: 

Anadara senilis (Linnaeus) 

Modiolus nigeriensis Nickles 

Mactra diolensis Bouchet & Nickles 

Loripes aberrans Dautzenberg 

Tagelus angulatus (Sowerby) 

Dentalium katchekense Fischer & Nickles 

Microsetia sp. 

Marginella aurata Bavay 

Clavatula sp. cf. colini von Maltzan 


Especes vasicoles euryhalines: especes accompagnatrices: 
Leda bicuspidata (Gould) Callista floridella (Gray) 
Modiolus elegans Gray Mactra glabrata Linnaeus 
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Dosinia isocardia (Dunker) Tellina distorta Poli 

Tellina nymphalis Lamarck Cuna gambiensis Nickles 

Abra pilsbryi Dautzenberg Diplodonta diaphana (Gmelin) 
Diplodonta globosa (Forskal) Mesalia mesal Deshayes 

Solen guineensis Gray Semifusus morio (Linnaeus) 
Aclis beddomei Dautzenberg Clavatula muricata (Lamarck) 


Marginella monilis (Linnaeus) 

Bulla adansoni Philippi 

Retusa sulcata d'Orbigny 
Cylichnatys grimaldii (Dautzenberg) 


Je considere comme caractéristiques les especes uniquement vasicoles de mangrove tandis que 
les vasicoles euryhalines peuvent aussi vivre dans les sediments vaseux des regions a salinite 
normale; le groupe d'especes accompagnatrices rassemble des especes qui peuvent vivre 
egalement sur des substrats plus grossiers, sableux (Diplodonta diaphana, Mactra glabrata etc.) 
ou méme rocheux (Semifusus morio). 

Cette communaute se trouve donc caracterisee par |’abondance des filtreurs bivalves, à la fois 
en nombre d'especes et en nombre d'individus. 


4) Chenal central 


Par suite des moyens tres elementaires de prelevement dont je disposais, je п’а! pas pu 
etudier dans le detail la faune du chenal, qui peut atteindre par places 15 a 25 m de fond. Les 
eaux a salinite normale, plus lourdes, conferent vraisemblablement au fond du chenal un état 
comparable a celui des vases infralittorales de mer ouverte. Ceci expliquerait le grand nombre 
d'especes “marines” trouvées, et qui ne caractérisent en rien les chenaux de mangrove. 

Peut-étre faut-il cependant souligner la presence de Diplodonta jousseaumei Lamy, connu 
également des mangroves des îles Tristao (Fischer-Piette & Nickles 1946: р 75-6 sous le nom de 
D. aurícula Sowerby) et du delta du Niger (Nickles 1955: р 156). 


DISCUSSION 


Si Гоп excepte la faune profonde des chenaux, une quarantaine d’especes de Mollusques ont 
ete recoltees dans les deux ensembles de mangroves étudiés au Senegal. 

Sur ce total, sept especes seulement sont associees aux paletuviers; sur les 31 especes recoltees 
sur le platier vaseux, 21 sont des vasicoles strictes, dont 9 uniquement dans les vases de 
mangrove. 

En comparaison, Binder a trouve 28 especes dans la lagune Ebrie mais la composition 
faunistique des peuplements est tres differente: 

- dans la partie orientale de la lagune, seule comparable aux regions etudiees ici, les 
Pachymelania, les Neritina glabrata et N. adansoniana sont tres abondantes; ces genres manquent 
totalement dans les regions etudiees ici. 

- les peuplements de Crassostrea gasar n'étant pas permanents au cours de l'annees, c'est une 
communauté tres appauvrie qui colonise les racines-echasses des Rhizophora de la lagune Ebrie. 

- le cortege faunistique de la communaute a Anadara et Tagelus est egalement tres appauvri 
puisque ne s'y retrouvent, outre ces deux especes, que Loripes aberrans; par contre Corbula 
trigona Hinds et Tellina ampullacea Philippi, présentes dans la lagune, n’ont pas été trouvées au 
cours du present travail. 

Les differences observees entre les resultats de Binder et ceux-ci s’expliquent en grande partie 
par la plus grande euryhalinite de la lagune Ebrie et sa situation plus meridionale. 

II semble cependant que nos observations puissent être generalisees а l'ensemble des 
mangroves ouest-africaines (Fig. 3): 

- zonation floristique et faunistique en trois niveaux, le plus bas n’etant pas occupe par des 
paletuviers, 

- niveau 1 occupe par les Cerithiacea Tympanotonus et plus au sud Pachymelania, occupant 
la m&me nich ecologique que Batillaria minima et Cerithium sagrae en Atlantique occidental 
(Robertson, 1960), 
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- niveau 2 occupé par |’Ostreidé Crassostrea gasar et Littorina angulifera, très proche des 
communautés a Ostreides de la région caraibe, 

- niveau 3 platier vaseux occupe par une faune d’estuaire vasicole stricte tres caracteristique 
et riche en especes, dont les principales sont Anadara senilis et Tagelus angulatus. 

D'une fagon generale, les mangroves ouest-africaines semblent étre habitees par une faune 
beaucoup moins diversifiee que les mangroves indo-pacifiques. Le present travail permet donc de 
completer le tableau des especes vicariantes publié par Coomans (1969: 82-83) pour les 
mangroves ouest-atlantiques et indo-pacifiques. 


TABLEAU 1 
Species 
Famille Antilles Afrique Occidentale Indo-Pacifique 
GASTROPODA 
Neritidae Neritina игдтеа N. glabrata Nerita birmanica 
N. adansoniana 
Littorinidae Littorina angulifera Littorina angulifera Littorina melanostoma 
Cerithidae Cerithium litteratum — С. patulum 
Melaniidae — Pachymelania aurita — 


Potamididae 


Cerithidea costata 
Batillaria minima 


P. fusca 
Tympanotonus fuscatus 


Cerithidea obtusa 
Terabralia sulcata 
Telescopium telescopium 


Rissoidae Amphithalamus vallei Microsetia sp. — 

Muricidae Murex brevifrons Thais forbesi Murex martineanus 
T. callifera 

Galeodidae _ Semifusus morio — 


Melongenidae 
Marginellidae 


Melongena melongena 


Marginella aurata 


Melongena pugilina 


Ellobiidae Melampus coffeus Melampus liberianus Ellobium aurismidae 
M. bidentatus E. aurisjudae 
Tralia ovula Cassidula sp. 
Detracia bullaeoides 

PELECYPODA 

Arcidae Anadara notabilis A. senilis A. granosa 

Isognomonidae Isognomon alata — /. isognomon 

Ostreidae Crassostrea rhizophorae C. gasar C. parasitica 

Anomiidae Pododesmus rudis — Aenigma rosea 

Mytilidae Brachyodontes exustus B. niger = 
Modiolus americanus М. nigeriensis Modiolus sp. 

Veneridae Anomalocardia brasiliana Callista floridella Paphia luzonica 


Meretrix meretrix 
Gari togata 


Chione cancellata 


Psammobiidae Asaphis deflorata Tagelus angulatus 


Mactridae — Mactra diolensis _ 
Lucinidae _ Loripes aberrans — 
Teredinidae Teredo sp. Teredo petiti Teredo manii 
T. adami 
Bankia bagidaensis 
SCAPHOPODA — Dentalium katchekense _ 
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ABSTRACT 


DISTRIBUTION OF MOLLUSCS IN THE MANGROVES OF SENEGAL 


The molluscan faunas of 2 Senegalese mangrove swamp areas (Basse-Casamance 
National Park and Sine-Saloum Natural Park) are described and divided into 3 associa- 
tions, following the plant zonation. These faunas are then compared with that from the 
Ebrié lagoon (Ivory Coast) and other mangroves in the world. 
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A PRELIMINARY ANALYSIS OF AFRICAN NON-MARINE 
GASTROPODA EUTHYNEURA FAMILIES 
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ABSTRACT 


A preliminary analysis of the euthyneuran gastropod families in the Ethiopian Region 
shows that of a total of 31 indigenous families (42% of the world total) 10 or 32% of 
the Ethiopian total are cosmopolitan and 6 endemic. The cosmopolitan families are 
characterized by good dispersal ability. The endemic families are of Gondwanaland origin 
(Aperidae, Dorcasiidae), may be a local development of a circumtropical family 
(Achatinidae), may have common ancestors with southern Asian families (Urocyclidae, 
with a local derivative, the Aillyidae), or may be derivative of a cosmopolitan family 
(Thyrophorellidae). The position of the genus Prestonella is uncertain (?Prestonellidae). 
The distribution pattern of the endemic families is threefold, viz., a restricted range in 
West Africa (Thyrophorellidae, Aillyidae), a wider range in southern Africa (Dorcasiidae, 
Aperidae), and a very wide range covering a major part of the Ethiopian Region 
(Achatinidae, Urocyclidae). Streptaxidae, Urocyclidae, Subulinidae, Achatinidae and 
perhaps also Enidae are locally dominant families; in southern Africa the Endodontidae 
also belong to this assemblage of families. 


The Ethiopian or Subsaharan Region encompasses Africa south of the Sahara inclusive of 
adjoining islands and southwest Arabia, but exclusive of the Canary Islands, the Azores and 
Madeira, while Madagascar is usually considered to constitute a subregion of its own. The region 
is not sharply delimited in the north, particularly where the Nile River valley acts as a corridor 
to the Mediterranean area. The main features in the history of the African continent that have 
influenced the composition of its fauna and flora are the vicissitudes of the ancient 
supercontinent Gondwanaland, the existence of a Miocene forest belt covering a large part of 
Africa and stretching into southern Asia, and the climatic changes in and after the Pleistocene. 
Africa is now roughly divided into 3 major zones, viz., the equatorial forest block, 2 arid zones, 
and the interlying savanna belts. About 10,000 years ago, at the end of the Pleistocene, the 
final separation of the 2 main arid areas in the Horn of Africa and in the southwest was 
consolidated at their respective locations. This has resulted in the existence of 2 well-adapted 
desert faunae with a marked degree of endemism in both areas, but perhaps more noticeably so 
in the southwest of the continent. 

Classical continental zoogeography has been based on vertebrate distributions, mainly those 
of birds and mammals. However, on the whole one finds that the major regions as recognized 
nowadays at least are roughly acceptable as regards the distribution of other animals. The study 
of zoogeography of the terrestrial molluscs is still in an analytical stage and data given here are 
to be considered preliminary only. 

The Ethiopian Region has an estimated total of about 6000 species of land molluscs. The 
only comparative data we have are about 10,000 for the Neotropical Region (Jaeckel, 1969), 
more than 750 for the Nearctic Region (Walden, 1963), about 650 for Australia (Iredale, 
1937-1938, perhaps from a splitter's point of view), and more than 1500 for “Europe” 
(Waldén, 1963); Madagascar has a total of 292 (Fischer-Piette & Blanc, 1972) or 350 species 
(Salvat & Fischer-Piette, 1971). This comparison of course does not take into account size of 
the land masses, their history and ecological diversity. The species of the Ethiopian Region 
belong to the Euthyneura except for one endemic prosobranch family, the Maizaniidae with 
two genera and about 15 species (Verdcourt, 1964), and a small number of other prosobranch 
species belonging to a few families, such as Hydrocenidae and Pomatiasidae (Tropidophora s.!.). 
Land prosobranchs are extensively represented only as dominant fauna elements in southeast 
Asia and in the West Indies. 
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The family, a fairly natural and reasonably stable type of taxon among terrestrial gastropods, 
has been used here as a working unit. Freshwater molluscs are not considered here in any detail 
except for the pulmonates among them. Freshwater organisms as a rule are entirely different 
zoogeographical elements, their distribution being particularly complicated by the geography of 
Africa, viz., the existence of the Rift Valley lakes and six major and sometimes widely 
separated river systems (Niger, Nile, Congo, Zambezi, Limpopo, Orange). 

The 73 families of terrestrial and fluviatile Euthyneura (system of Taylor €: Sohl, 1962, with 
а few modifications) compare in the various regions as shown in Table 1 (cf. Te, 1972; 
significant discrepancies are due to different opinion as regards family limits and distribution). 
The largest number of families and also the highest percentage of endemic families is found in 
the Neotropical Region, which is probably due to its history with prolonged periods of 
complete isolation. The Australian Region for some reason or other compares poorly in this 
respect. The high figures for the Palaearctic Region are probably caused by ¡ts immense size and 
enormous diversity of ecological conditions. The Oriental Region with ¡ts usually close ties with 
Africa has little endemism; the 3 families shown between brackets (Ariophantidae, 
Bradybaenidae, Corillidae) are subendemic, i.e., are mainly confined to the region but have a 
comparatively small number of taxa elsewhere (cf. Van Bruggen, 1969b: 86). The Oriental 
Region has never been properly isolated as such and is perhaps best considered to be situated at 
the cross roads of other regions. 

The 31 euthyneuran families?! of the Ethiopian Region (see Tables 2-4) may be grouped as 
shown in Table 2. Clearly the cosmopolitan families are an important element in this 
assemblage (32%), which also applies to the other regions, where the role of these families 
varies from 27% to as much as 36% of the total number of families. 


TABLE 1. Families of terrestrial and fluviatile Euthyneura in the various regions. World total 73 families. 


REGION Total families Percentage of world total Endemic families Percentage of regional total 
Ethiopian 31 42% 6 19% 
Oriental 28 38% (3) (11%) 
Palaearctic 31 42% 8 26% 
Nearctic 28 38% 4 14% 
Neotropical 37 50% 11 30% 
Australian 30 41% 6 20% 


TABLE 2. Distribution of families of terrestrial and fluviatile Euthyneura in the Ethiopian Region. Numerical 
importance of the various groups shown in left hand column. 


(1) Cosmopolitan families 10 — see table 3 

(6) Cosmopolitan except for Neotropis 1 — Euconulidae 

(5) Circumtropical families 2 — Subulinidae 
Veronicellidae 

(3) Relations with Palaearctic Region 4 — Orculidae 


Ferrussaciidae 
Arionidae (Holarctic) 
Vitrinidae 

(4) Relations with Oriental Region 3 — Corillidae 
Ariophantidae 
Bradybaenidae 


(5) Relations with both Palaearctic and Oriental Regions 2 — Clausiliidae 
Enidae 

(5) Relations with both Oriental and Australian Regions 2 — Rhytididae 
Helicarionidae 

(6) Relations with both Oriental and Neotropical Regions 1 — Streptaxidae 

(2) Endemic families 6 — see Table 4 


Sum total of 31 families 


Families only represented by alien species, such as the Limacidae, have been omitted. 
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Table 3 lists the cosmopolitan families of Euthyneura and shows that 4 of these contain 
freshwater molluscs only. These have a great dispersal ability and are ecologically usually very 
tolerant. Eggs, juveniles and adults may easily be dispersed in a variety of ways, while 
self-fertilization may be practised, so that frequently dispersal is followed by colonization. Five 
of the remaining families consist of small to sometimes minute terrestrial snails, which by virtue 
of their small size also have good dispersal ability (Walden, 1963: 162). The remaining 
cosmopolitan family, the Succineidae, is in many respects a very successful group, particularly 
because of М5 adaptability to various conditions. Succineids have been found to be almost 
completely fluviatile on the one hand, while on the other hand there are also real desert 
dwellers among them; recently М has been confirmed that these snails are also adapted to a 
mangrove or semi-marine environment in South Africa (Appleton, in litt.). 

The 6 endemic families are shown in Table 4. Two of these, the Thyrophorellidae and 
Aillyidae, only contain 1 species each; both are located in West Africa. The Thyrophorellidae 
may be local derivatives of a cosmopolitan family; the Aillyidae have been considered to be 
allied to the Succineidae (Taylor & Sohl, 1962; Solem, 1959), but recent research has shown 
that these are probably very aberrant Urocyclidae (Solem, pers. comm.), and thus of endemic 
extraction. 

The next 2 families, the Aperidae and Dorcasiidae, are located in southern Africa, the first in 
the southeastern, the other in the southwestern part of the continent. The Aperidae, a group of 
peculiar carnivorous slugs, are allied to the Rhytididae, a family of carnivorous snails well 
represented in the southeastern parts of southern Africa as far north as the Limpopo River. The 
Aperidae cross the Limpopo, but do not occur beyond the Zambezi (Van Bruggen, 1969b). The 
Rhytididae are a family of Gondwanaland origin, the non-African genera being known from 
the Oriental and Australian Regions. The Dorcasiidae, which are allied to the Strophocheilidae 
and Megalobulimidae (Leme, 1973), 2 closely related families endemic to the Neotropical 
Region, are also most likely of Gondwana origin. 

The remaining 2 endemic families, the Achatinidae and Urocyclidae, show a remarkable 
radiation almost throughout the Ethiopian Region. The Achatinidae are, to put it simply, т 
fact nothing but outsize Subulinidae, which latter family has a circumtropical distribution. The 
Achatinidae have produced the largest known land snail, Achatina reticulata Pfeiffer from East 
Africa, of which the shell reaches a maximum recorded length of 208 mm (Bequaert, 1950: 


TABLE 3. The 10 cosmopolitan families of terrestrial and fluviatile Euthyneura. sf: self-fertilization may occur. 


Basommatophora — Lymnaeidae freshwater snails (sf) 
Ancylidae freshwater snails (sf) 
Planorbidae freshwater snails (sf) 
Physidae freshwater snails (sf) 
Stylommatophora —  Vertiginidae terrestrial snails (small) 
Chondrinidae terrestrial snails (small) 
Pupillidae terrestrial snails (small) 
Valloniidae terrestrial snails (small) 
Succineidae fluviatile to terrestrial (smallish) 
Endodontidae terrestrial snails (small) 


TABLE 4. Endemic families of terrestrial and fluviatile Euthyneura in the Ethiopian Region. 


Thyrophorellidae 1 genus 1 species $. Thomé, relationship unknown (? Endodontacea) 

Aillyidae 1 genus 1 species Cameroons, allied to Urocyclidae 

Aperidae 1 genus 12 species SE Africa, allied to Rhytididae 

Dorcasiidae 3 genera 17 species SW Africa, allied to Strophocheilidae 

Achatinidae 13 genera 200 species (estimate) whole region inclusive of Madagascar (1 genus with 

7 species), allied to Subulinidae 

Urocyclidae 45 genera 250 species whole region inclusive of Madagascar, allied to 

(both estimates) Helicarionidae and Ariophantidae? 


Six families with a sum total of about 65 genera and about 500 species 


(Prestonellidae 1 genus 2 species mountains of SE Africa, allied to Succineidae?) 
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135). The centre of evolution of this family has probably been the equatorial forest belt; there 
has been a remarkable radiation southward into southern Africa almost as far as the Cape of 
Good Hope (Van Bruggen, 1969a, fig. 1). Here members of this group have adapted themselves 
to extremes such as desert and alpine conditions [e.g., Archachatina machachensis (Smith) in 
the mountains of Basutoland (= Lesotho) at altitudes of over 5000 ft. (= 1700 m) in a very 
inhospitable climate characterized by seasonal frost and snow—normally hardly a suitable 
habitat for a species of Achatinidae; cf. Van Bruggen, 1970: 465]. 

The families Strophocheilidae and Megalobulimidae, with a maximum shell length of 163 mm 
[Megalobulimus popelairianus (Nyst) from Columbia, Ecuador and Peru; see Bequaert, 1948: 
102], as compared to the Achatinidae in Africa occupy more or less the same ecological niche 
in the Neotropical Region and may perhaps be considered products of convergent evolution. 
The Achatinidae are more diverse, as witnessed by the number of genera and species and 
perhaps a greater ecological tolerance. It is remarkable that there are no equivalent giant land 
snails in the Oriental Region nor in the tropics of the Australian Region, remarkable 
particularly in view of the success of Achatina fulica Bowdich as an alien species in the Oriental 
Region (Mead, 1961). 

The other dominant endemic family, the Urocyclidae, probably has originated in the Oriental 
Region and may have common ancestors with the Helicarionidae or perhaps may even be a 
direct derivative of that family (cf. Van Mol, 1970, 1973). The Ariophantidae are possibly also 
derivatives of the same group of ancestors; Van Mol (1973: 229) is very positive about this: 
“Les Ariophantidae sont incontestablement dérivés des Helicarionidae.'”” The urocyclid subfamily 
Gymnarioninae is very distinct indeed and eventually may be considered to constitute another 
endemic family, albeit one closely allied to the Urocyclidae proper. The Urocyclidae are also 
very diverse, even more so than the Achatinidae, containing every type of gastropod from 
typical slugs to snails possessing a comparatively large helicoid shell allowing complete 
withdrawal of the animal. The family obviously has its headquarters in the equatorial forest belt 
and also has radiated southward into southern Africa, even further south than the Achatinidae 
(Van Bruggen, 1969a: fig. 1). The Urocyclidae may not have adapted themselves to such 
extreme conditions as the Achatinidae have done, although there are some savanna dwellers and 
even very few desert dwellers [e.g., Lacrimarion lacrimosus (Connolly) in the Kaokoveld in 
South West Africa] among a great host of forest dwellers. The Urocyclidae, together with the 
Helicarionidae and Ariophantidae, may form a group dating back to the Miocene, when much 
of Africa and adjoining parts of southern Asia were covered by a continuous forest belt. 

The genus Prestonella, endemic in a few localities in the Eastern Cape Province mountains at 
altitudes of over 2300 ft. (= 800 m), has never satisfactorily been assigned to a family because 
the 2 or 3 species have never been properly dissected and described. Personally, for the time 
being, | prefer to keep these entirely separate, perhaps even in a family of their own, the 
Prestonellidae. | believe that there are vague indications that these taxa may be derivatives of 
the cosmopolitan succineids or even the urocyclids (cf. Aillyidae). 

The 6 (7 or even 8) endemic families thus show a threefold distribution pattern (Fig. 1), 
viz., families located in West Africa with a very restricted distribution in an area known for its 
endemism in other animal groups (2: Thyrophorellidae, Aillyidae), families located in southern 
Africa but considerably less restricted in distribution also in an area noted for endemism (2 or 
3: Dorcasiidae, Aperidae, ?Prestonellidae), and finally families occupying almost the entire 
Ethiopian Region (2: Achatinidae, Urocyclidae; ?Gymnarionidae, hardly south of the Tropic of 
Capricorn). 

The position of the Achatinidae and Urocyclidae among the land snails of the region is a 
dominant one (dominant families sensu Van Bruggen, 1969b: 85). Table 5 shows the 4 
dominant families in Subsaharan Africa, 2 of which belong to the local endemics, while the 


TABLE 5. Dominant families in the Ethiopian Region. 


Streptaxidae Ethiopian, Oriental, Neotropical Regions 
Urocyclidae endemic 

Subulinidae circumtropical 

Achatinidae endemic 

(Enidae Ethiopian, Palaearctic, Oriental Regions) 


(Endodontidae cosmopolitan, only dominant in Southern Africa) 
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FIG. 1. Distribution of some of the endemic euthyneuran gastropod families in the Ethiopian Region. Triangle: 
Thyrophorellidae (Sio Thome only); square: Aillyidae; dots: Prestonella;'cross-hatchiny in southwestern Africa: 
Dorcasiidae; cross-hatching in southeastern Africa: Aperidae; broken line south of the Sahara: approximate 
northern limits of the Achatinidae. 


other 2 have circumtropical or almost circumtropical (Streptaxidae do not occur in the 
Australian Region) distributions. The Streptaxidae are an extremely diverse family of smallish 
carnivorous snails which prey on a variety of soft invertebrates among which the subulinids 
seem to be most frequently devoured. 

In southern Africa the position as regards dominant families is somewhat different; here the 
Enidae and Endodontidae also belong to this group, the latter family even very much so (Van 
Bruggen, 1969b). The Enidae may perhaps be considered to belong to the dominant families in 
the Ethiopian Regiqn, although on a level not comparable to that of the four major dominant 
families. The cosmopolitan Endodontidae are a diverse and heterogeneous family, of which the 
African representatives show noticeable links with taxa in the Australian Region $.1. Because of 
the distribution pattern in Africa (very diverse south of the Limpopo River, increasingly poorly 
represented further north), the African endodontids probably represent a Gondwanaland type 
of distribution of a branch of this cosmopolitan family. 

Dominance on the family level as here understood is hard to explain. This may have been 
“caused by adaptability to a peculiar set of environmental conditions and the genetic 
potentiality to effect species radiation”” (Van Bruggen, 1969b: 85). 
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ABSTRACT 


This paper concerns snails in the genus Monacha Fitzinger, which are helicid snails of 
the Palaearctic region. Monacha cantiana (Montagu) and М. cartusiana (Müller) are easily 
distinguished on both shell characters and soft parts. Monacha cantiana in northern 
Europe is considered a smaller form of the same species M. cantiana cemenelea (Risso) in 
southern Europe. Monacha cartusiana occurs in a few localities in Britain where it is 
clearly on the northern edge of its range. On the continent of Europe it is widespread. 
Monacha cantiana has a restricted distribution in 5 countries in northern Europe and 
these populations are separated by many kilometres from the populations along the 
Mediterranean. lt is suggested that М. cantiana could have been introduced to northern 
Europe during the times of the Roman Empire. It is hoped that the understanding of the 
distribution of snails in Europe will be aided by new data arising from a European 
mapping scheme. 


The snails to be considered in this paper are pulmonate land snails of the Palaearctic region. 
They have a pale sub-globular shell mostly of 10-20 mm diameter. Zilch (1959-60) refers them 
to the genus Monacha, but the name Theba has also been used (Germain, 1930; Hesse, 1931). 
Although the genus 15 present in the eastern Mediterranean, | shall refer only to those species in 
western Europe. 

In Britain there are 2 species, Monacha cantiana (Montagu) and М. cartusiana (Müller). Of 
these М. cantiana is the largest with a shell of up to 18 mm diameter and M. cartusiana is the 
smaller of about 14 mm diameter. The ventral side of the adult shell of М. cantíana has 
an obvious umbilicus 1.75 mm across, whereas the adult of М. cartusiana has a very small 
umbilicus of 0.5 тт. The young specimens also differ: the young of М. cantiana have 
periostracal hairs on the shell which persist until the snail is more than half grown, but the 
young of M. cartusiana do not have a hairy appearance (Chatfield, 1968). 

Anatomically the 2 species are also different. The egersidium or modified dart sac (it 
produces no darts) is a simple tapering blind ending tube in Monacha cantiana but in М. 
cartusiana the egersidium has a double swollen base. In addition the flagellum at the end of the 
penis is comparatively longer in М. cartusiana than it is т М. cantiana. 

In Britain Monacha cantiana is the commonest and most widespread of these 2 species. It 
has an essentially southeastern distribution in Britain but it does occur in a fairly large area 
(Kerney, 1970). 

In contrast, Monacha cartusiana has a very limited distribution in England in the southeast 
and it is clearly on the edge of its range (Kerney, 1970). It is still numerous on the sand dunes 
at Deal, Kent but | have been unable to confirm its abundance (or even presence of live snails) 
in many of the localities in Sussex listed by earlier collectors. That it was common in many of 
these sites is evidenced by large series of shells in museum collections which date from the late 
19th or early 20th centuries. It appears that this species is declining in Britain. Fossil records of 
M. cartusiana in Britain are from a larger area than the present distribution of the snail 
(Kerney, Brown €: Chandler, 1964). 

Snails of the genus Monacha are typical of open country and often live on disturbed ground. 
They are opportunist species and frequently thrive in places like roadside banks and waste 
ground. They favour calcareous situations and appear to need loose soil in which to lay their 
eggs. In Britain they burrow into the soil in cold winter weather. 

In northern Europe Monacha cantiana has a fairly local distribution in Britain, France, 
Belgium, Netherlands and Germany and it is often in coastal regions (Fig. 1). Further south in 
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FIG. 1. Distribution of Monacha cantiana in northern Europe. Closed circles = data post-1950; open circles = 
data pre-1950. 


Europe (Fig. 2), along parts of the northern Mediterranean there is another form of М. cantiana 
which is often given the name of Monacha cemenelea (Risso). These 2 appear to be the same 
species, for they compare well in shell characters, anatomy and ecology. The only obvious 
difference is in size for the southern form reaches 20 mm shell diameter whilst the northern 
populations of М. cantiana rarely exceed 18 mm diameter. Looking at the map of Europe, the 
southern form is living in a warmer climate, and, as size may vary within the species, | prefer to 
interpret this size variation as a result of the environment rather than systematics. Throughout 
its whole range, М. cantiana concentrates mainly on lowland areas rather than mountain ranges 
and usually on alkaline soil. Thus, it often follows coastal plains and river valleys. The northern 
and southern areas of distribution are separated by about 440 km. In the south the distribution 
appears to be restricted by the high ground of the Pyrenees, the Cevennes, the Alps and the 
Appennines. 

How can one explain the zone of Monacha cantiana in northwestern Europe? From reports 
of Quaternary geologists and archaeologists in Britain | could find no evidence of M. cantiana 
before the Roman occupation and only a few records in Medieval times. The same seems to be 
true in the Netherlands where M. cantiana is also common at the present day. 

However a few fossil records do exist for Monacha cantiana in southern Europe. It has been 
recorded from the Pleistocene of Corsica; Tuscany in Italy and Algeria (Taylor, 1917) and from 
other Quaternary deposits at Nice in France (Germain, 1930). It will be interesting to see what 


CHATFIELD 83 


FIG. 2. Distribution of Monacha cantiana in southern Europe. Closed circles = data post-1950; open circles = 
data pre-1950. 


new records may be established in future investigations of Quaternary deposits in southern 
Europe. 

The evidence which there is suggests that Monacha cantiana is a native of southern Europe 
and was transported during the Roman Empire, possibly with food produce on ships to 
northern Europe. In England there is archaeological and documentary evidence of Roman 
settlement in the southeast where М. cantiana was probably introduced and where the 
environment proved suitable for ¡ts establishment. 

The European map of Monacha cartusiana (Fig. 3) shows a snail which is very widespread. 
The circles shown represent records from the literature, museum collections or field work. Like 
M. cantiana, it favours open country, particularly on the more alkaline and better drained soils. 
Some of the gaps on the map might correlate with geographical regions in which the habitat is 
unsuitable (e.g., forest) but clearly there is need for more field work. Further east the species 1$ 
replaced by more eastern species of Monacha like М. syriaca (Ehrenburg), М. schotti ((Zeleb) 
Pfeiffer) and М. obstructa (Ferussac). Although М. cartusiana is quite common and widespread 
in the north of France, it is on the limit of its range in Britain and the Netherlands. 

The data on the maps shown is incomplete and there is a need for more field work to 
update nineteenth century records and to record the distribution at the present time. The 
establishment of mapping schemes in various European countries could result in a bank of 
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FIG. 3. Distribution of Monacha cartusiana. Closed circles = data post 1950; open circles = data pre-1950. 


existing and new data which can be assembled to describe snail distributions on a continental 
basis. As zoogeography should be based on a sound understanding of species, work of this kind 
should also act as a stimulant to systematic studies. 

| am grateful to many European museums for access to their collections of Monacha. 
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RESUME 


Cet expose se rapporte au genre Monacha Fitzinger, escargots helicides de la region 
Paléoarctique. Monacha cantiana (Montagu) et М. cartusiana (Müller) se distinguent 
facilement par les caractéristiques de la coquille et par l'anatomie. On estime que М. 
cantiana, qui se trouve dans l'Europe du nord, est une forme plus petite de la meme 
espèce M. cantiana cemenelea (Risso) qui se trouve dans l'Europe du sud. M. cartusiana se 
rencontre dans quelques localités de Grande Bretagne où il est évidemment pres de la 
limite septentrionale de sa zone. Il est très répandu en Europe continentale. M. cantiana a 
une répartition locale dans cinq pays de l'Europe du nord et ces populations se trouvent 
séparées par 440 kilomètres des populations des bords de la Méditerranée. On postule que 
M. cantiana a été introduit dans l'Europe du nord pendant la période de l'Empire 
Romain. On espère que les nouvelles données provenant d'un projet pour dresser une 
carte de l'Europe contribueront à la connaissance de la répartition des escargots en 
Europe. 
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ABSTRACT 


For many years the Conchological Society of Great Britain and Ireland has been 
recording the distribution of both marine and non-marine Mollusca. Although maps on 
the non-marine molluscs have been published, no maps have been published for marine 
molluscs. In 1961 the waters of the British Isles were divided into 40 marine census 
areas. Most of these areas now have an Area Representative who organises field work and 
co-ordinates the records in a census area. In collaboration with the Biological Records 
Centre at Monk's Wood Experimental Station, field cards and instruction notes have been 
printed. Field work is undertaken by both individuals and organised field meetings of the 
Society and a range of people from amateurs to professional biologists contribute to the 
scheme. 


The Conchological Society of Great Britain and Ireland, shortly to celebrate its centenary, 
has long been involved in recording the distributions of the British molluscan fauna, both 
marine and non-marine. A census of land and freshwater species was published in 1951 (Ellis, 
1951) based on vice-counties and this is shortly to be followed by the publication of a snail 
atlas based on the 10km square grid system. The production of a marine mollusc census 
(involving over 600 specimens) is less advanced. 


THE MAPPING UNITS 


Winckworth (1921) was the first to divide the British sea area into 20 units for mapping 
purposes, but the choice of so few units reduced the effectiveness of the survey which was 
never completed. Winckworth’s marine census areas were modified by Heppell т 1964, who 
increased the number of units from 20 to 40. These marine census areas serve as a basis for the 
initial survey and they are roughly comparable with the vice-county system for non-marine 
species. Work is in progress to prepare check-lists for each of these areas and interim lists 
appear in the Society's Newsletter. 

More recently, in consultation with the Biological Records Centre at Monk's Wood 
Experimental Station, Huntingdonshire, smaller recording units have been considered to bring 
the marine recording scheme in line with the latest developments in biological recording. 
Smaller units are more likely to reflect habitat diversity and ecology, they are more useful for 
detecting future changes in distribution and are suitable for a computerised system. The final 
grid to be used in this new, more precise survey has still to be decided, but the full locality 
data (in latitude and longitude or Ordnance Survey grid) is of permanent value in making future 
maps. А similar problem in choosing a grid arose in the case of Ireland during the non-marine 
scheme. 


A LIST OF SPECIES 


Molluscan nomenclature is notorious for its dynamic state. As the solving of problems 
associated with species boundaries and rules of nomenclature will take many years to 
investigate, a tentative agreed list of names 15 essential to the easy running of a mapping 
scheme, even if the list must be a provisional one. For many years in the United Kingdom 
Winckworth's list was a basic one (Winckworth, 1932, 1951), but since ¡its publication some 
updating 15 necessary. In collaboration, the Conchological Society and the Biological Records 
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Centre (with the help of other specialists) have produced a field card which includes most of 
the British species, together with a Concordance explaining some of the problems in naming 
species and giving a standard list of names for the purpose of the recording scheme. Some of 
the subspecies may be regarded as species in the future and these pose particular problems in 
recording. 

Now that the recording scheme for marine molluscs has a field card and a series of 
instructions, it is hoped that this will give an impetus for future progress. To supplement 
existing literature some identification keys have been published in the Society’s newsletter and 
more of these keys are planned for the future. 


THE MAN-POWER 


Having decided on some units for recording and on the names to be used, the next major 
task 1$ to recruit an enthusiastic and able group of people to collect the records. To maintain 
the interest of recorders, the scheme must be simple to work and the recorders kept in 
communication with its progress so that their enthusiasm is maintained. The Society has an 
active interest in field meetings, organising at least 12 each year and these meetings are often 
designed with the aim of recording. Many of the field meetings are restricted to shore collecting 
and occasionally to the strandline when the wind and tide have been against us! However, in 
recent years sufficient numbers of people have been interested to hire a boat and dredge on 
longer weekend field meetings and this trend is likely to continue. The dredging meetings are 
particularly important in establishing the records of molluscs in the living state. 

In 1972, the Society designated Area Representatives for nearly all of the 40 marine census 
areas with a responsibility for organising field work and co-ordinating the records within a 
census area under the direction of the Marine Recorder. Already there has been a favourable 
response to this arrangement, and with future area reports appearing in the Newsletter, it is 
hoped that there will be a new impetus for field work on mapping marine molluscs. Outside the 
Society are a number of people from marine biological stations, universities and colleges, 
schools and interested amateurs all contributing useful information. It is hoped to use this 
man-power as effectively as possible and to accelerate progress in mapping marine molluscs. 

The co-ordination of the many people involved in the mapping scheme is summarised in the 
diagram (Turk, 1972). 


CONCLUSION 


In conclusion, many of the problems which faced Winckworth in his early scheme on marine 
molluscs are still apparent today. These include the problems of recording effectively from 
off-shore areas, the limited funds of a partly amateur labour force and the problems of 
interpreting records from dead shells which may have been moved with currents. However, the 
technology of the day providing us with computers for storing and analysing data, motor 
transport for easy travel (fuel permitting!) and also the increasing number of people with a 
biological training, make a marine census possible. As has already been shown in the non-marine 
mapping scheme, many exciting and interesting finds are likely to result from a systematic 
survey which leads to recording from formerly unexplored areas. 

| am grateful to the former Marine Recorder, Mrs. Stella Turk, to the present Marine 
Recorder, Dr. Shelagh Smith and to Mrs. Celia Pain for information used in writing this report. 
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RESUME 


Depuis un grand nombre d’années la Société Conchyliologique de Grande Bretagne et 
d'Irlande s'occupe d'enregistrer la répartition des mollusques marins et non-marins. 
Cependant, malgré la publication de cartes indiquant la répartition des mollusques 
non-marins, aucune carte au sujet des mollusques marins п’а été publiée. En 1961 Heppell 
divisa les eaux des Iles Britanniques en 40 régions de recensement marin (Heppell, 1964). 
Actuellement il existe pour la plupart de ces regions un Representant (local) qui organise 
les travaux pratiques et coordonne les renseignements enregistres dans sa region. La 
Société collabore avec le Centre d’Archives Biologiques de la Station Expérimentale de 
Monk’s Wood pour faire imprimer des fiches des especes et des notes d’instruction. Le 
travail de recherche est entrepris d’une part par des individus et d’autre part au cours des 
réunions organisees par la Société. Ceux qui contribuent au projet comprennent d'une 
part des amateurs d'autre part des biologistes professionels employés aux stations de 
biologie marine. On espère accélérer le progrès vers la production d'un recensement marin 
pour les mollusques des lles Britanniques. 
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RESUME 


Une “Commission Faunistique Continentale’’ s'est créée en Janvier 1970 au sein de la Société Française de 
Malacologie pour établir l'inventaire et la cartographie des Mollusques continentaux actuels de la France. 

Cette Commission a adopté la methode de representation cartographique des espéces proposée par 
|" “European Invertebrate Survey.” 

А la suite de trois années de travaux préparatoires la Commission a publié, dans la revue ‘‘Ha/jotis’’, les 
directives générales pour la cartographie des especes continentales en France (Chevallier, Lecomte, Lucas et 
Real, 1974). 

Les espèces suivantes ont été ainsi cartographiées: Potamopyrgus jenkinsi, Helix pomatia et Deroceras 
caruanae (Réal, 1974—Chevallier, 1974). 

La Société Française de Malacologie a également créé un “Bulletin de liaison de Malacologie continentale 
fondamentale et appliquée’’ destiné aux chercheurs travaillant, de pres ou de loin, sur les Mollusques 
terrestres et dulgaquicoles actuels et quaternaires de France. Ce bulletin a pour nom “E/ona”; son responsable 
est H. Chevallier; son premier numéro a paru en juin 1974. 

Dans ce bulletin un chapitre fournira des renseignements sur la cartographie des Mollusques continentaux 
en France et en Europe et sur les travaux de la section malacologique de I’ “European Invertebrate Survey”. 
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SYNAPTIC ACTIVATION OF HELIX GANGLION CELLS BY BARIUM IONS 


L. Erdelyi 


Department of Comparative Physiology, University of Szeged, Hungary 


ABSTRACT 


Experiments were carried out on Не//х suboesophageal ganglion cells by use of micro- 
electrodes in order to study the ettects of barium ions applied т 1-8 mM concentration. 

The overall effect of barium ions consisted in a marked depolarization, the thresholds 
of the ganglion cells, however, were quite different. In case of the most sensitive cells, 
bursting transformation and paroxysmal depolarization shifts occurred. A minor part of 
the neurons responded to barium ions with interruption of the spike generation which, in 
most cases, was accompanied by hyperpolarization. 

For a considerable part of the cells, the application of barium ions resulted т 
appearance of repetitive EPSP’s and, infrequently, IPSP's. This was ascribed to excitatory 
effects exerted on the presynaptic terminals. 

It is concluded that barium ions have at least 2 points of attack in the ganglion: 1, on 
the soma membrane of the neurones, and 2, on the presynaptic terminals controlling 
them. 


SYNOPSIS 


Electrophysiological methods were used to study the behaviour in 1-8 mM barium media of 
neurones localized in the visceral ganglion and the right and left parietal ganglia of Helix 
pomatia (Linnaeus). 

The majority of the cells examined responded to the action of the barium ion with 
depolarization (barium excitative response, BaE), while others exhibited hyperpolarization 
(barium inhibitive response, Bal). At the same time, IPSP’s and EPSP’s indicative of synaptic 
activation appeared. The spike activities led off the anal and the right and left pallial nerves 
showed an increase proportional to the dose. 

In high-Mg** and O-Cat* media, the barium-induced synaptic responses were blocked on 
most neurones examined, while the BaE and Bal responses persisted. In Na*-free solution, the 
EPSP generation and, on certain neurones, the BaE response ceased, but in every case the Bal 
response appeared in almost unchanged form. In Nat-free Batt medium, а small proportion of 
the examined neurones switched over to barium spike generation. In Kt-free solution, the 
barium-induced synaptic responses were enhanced. In K*- and CI -free solution, the BaE 
response always persisted, but the magnitude of the Bal response changed somewhat. 

The synaptic, BaE and Bal responses could not be influenced with cholinergic blocking 
agents such as hexamethonium, atropine or d-Tubocurarine, or with the Ach synthesis inhibitor 
HC-3. With dTC, it was possible to decrease or block the barium-induced fast IPSP’s, and with 
strychnine the EPSP’s in some cases. 


INTRODUCTION 


The effects of the barium ¡on on the neurones of the central and peripheral nervous systems 
have been studied in several vertebrates and invertebrates (Nishi et a/., 1965; Gerasimov & 
Akoev, 1967; Kostyuk, 1967; Koketsu € Nishi, 1969; Krnjevic et al., 1971; Christ € Nishi, 
1973). In barium media, the neurones exhibit depolarization and increased excitational activity, 
frequently followed by lengthening of the duration of the action potentials. In mammalian 
cortex, the barium Топ facilitates the activity of only those neurones where the activity 1$ also 
enhanced by Ach; the functioning of other neurones is rather inhibited (Krnjevic et a/., 1971). 
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The central ganglion cells of Ap/ysia and Helix are known to be in part excited (D-response) 
or inhibited (H-response) by Ach (Tauc 8: Gerschenfeld, 1961). Kostyuk (1967), who studied 
the effects of the barium ion on the ganglion cells of Helix and Planorbis from several aspects, 
makes no mention of excitatory or inhibitory effects in this connection. 

Numerous comparative data prove that the barium ion is capable of facilitating spontaneous 
or stimulus-evoked transmitter or hormone release from the various nerve terminals (Douglas et 
al, 1961; Elmavist & Feldman, 1965; Berlind & Cooke, 1971; etc.). At the same time, the 
examinations of Katz & Miledi (1969) on squid giant synapse, show that the barium ion is only 
partially and temporarily able to assume а Ca*+-replacement function in the process of 
transmitter release. 

We have studied the behaviour in barium media of neurones localized in the visceral and 
right and left parietal ganglia of Helix, and have analyzed the resulting somatic and synaptic 
effects with regard to the influence on the ionic dependence and the cholinergic receptors. 


MATERIAL AND METHODS 


Glass micropipette electrodes with resistances of 5-20 MQ, filled with 2.5 М KCI, were used 
by the conventional method to lead off the intracellular action potentials from the neurones 
localized in the visceral ganglion and the right and left parietal ganglia of Helix pomatia 
(Linnaeus). Fig. 1 shows only those cells used to illustrate this publication. 

Suction electrodes were employed to perform the extracellular leads-off from the right and 
left pallial, the anal and the intestinal nerves. In this way, besides the recording of the effects 
on the individual cells, the resultants of the effects on the cell population belonging to each 
nerve were followed on the output. 

Solutions with the following ionic compositions were used: 


Physiological solution: 111.1 mM NaCl, 1.8 mM KCI, 1.08 mM CaCl, and 2.39 mM NaHCO; (а 
low-Ca++ solution was used because of the barium-calcium antagonism (Bülbring & Tomita, 
1968, Erdelyi, 1968)). 


High-Mgt* and O-Ca** solution: 84.7 mM NaCl, 1.8 mM KCI, O CaCl, and 20 mM MgCl. 
Nat-free solution: 113 mM Tris-Cl or choline-Cl, 1.08 mM CaCl, and 2.39 mM КНСО.. 
Kt-free solution: 112.9 mM NaCl, 1.08 mM CaCl, and 2.39 mM NaHCO3. 

СГ free solution: 111.1 mM Na acetate, 1.08 mM Ca acetate and 2.39 mM КНСО.. 


The compositions of the 1-8 mM BaCl, solutions were the same as those of the above solutions, 
with the differences that, in order to maintain the isoosmolality, the amounts of NaCl, Tris-Cl 
or choline-Cl, and Na acetate were decreased proportionately, and Ba acetate was used in the 


FIG. 1. Cell-localization map of visceral ganglion and right and left parietal ganglia, with the designation of 
the neurones used to illustrate this publication. VG = visceral ganglion, LPa= left parietal ganglion, 
RPa = right parietal ganglion, nps = nervus pallialis sinister, npd = nervus pallialis dexter, na = nervus analis, 
ni = nervus intestinalis. 
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CI”-free solution. The barium solution was generally applied by perfusion for 5-10 min., but in 
every experimental series the 60-min. effect too was examined. The effective agent was then 
removed by washing. The following drugs were used, in concentrations of 10-“-10-° M, 
similarly by perfusion: atropine, hexamethonium (HMT), d-Tubocurarine (dTC), hemicholinium 
(HC-3) and strychnine. 


RESULTS 
Some of the neurones examined responded to perfusion of barium-containing physiological 
solution with depolarization (barium excitative response, BaE), and others with hyperpolariza- 
tion (barium inhibitive response, Bal) (Figs. 2,3). In a few cells 1-8 mM BaCl, did not exert a 
measurable effect. The sensitivities of the individual cells proved very different, as regards both 
the depolarization and the hyperpolarization. Increase of the synaptic activity, together with or 
independently of the BaE ог Bal responses, was shown by the appearance of the EPSP’s and 
IPSP's (Figs. 4,5). The neural activities led off the anal, intestinal and right and left pallial 
nerves increased in proportion to the dose used, indicating that the cell-excitatory effect of the 

barium ¡on dominates in the cell population (Fig. 6). 


FIG. 2. BaE neurone. Се! RPa 9. a, control in physiological solution; b, in first minute after perfusion of 4 
mM BaCl, solution; с, in physiological solution after 5-minute washing. Calibration: 20 mV and 1 sec. The 
horizontal scale indicates the state of O membrane potential. 


FIG. 3. Bal neurone. Cell RPa 50. a, control; b, effect of 4 mM BaCl, in the second minute; с, т 
physiological solution after 3-minute washing. Calibration: 20 mV and 1 sec. 


FIG. 4. Barium-induced EPSP's on cell VG 3. a, control; b, in the 3rd minute after perfusion of 8 mM 
BaCl,, recorded at low film speed; с, the same, but at higher film speed; d, after 5-minute washing. Calibration: 
20 mV and 1 sec or 0.2 sec. 
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The subsequent experiments were carried out in high-Mg+* and О-Са++ medium, to try to 
separate the direct membrane effect of the barium ¡on from the effects exerted by synaptic 
activation. These experiments clearly showed that, similarly as for acetylcholine, the BaE and 
Bal responses are based on a direct membrane effect, for in the high-Mgt* and О-Са++ medium 
these appeared in unchanged form. Under such conditions, the barium-induced EPSP's and 
IPSP's were eliminated in the majority of the cases (Fig. 7). In some cases, however, EPSP's 
occurred in the presence of the barium ion even after а 1-hour pretreatment in high-Mg** and 
O-Ca+* solution. In these cells, the barium ion can presumably replace calcium in the 
transmitter release process. 

In the next experimental series, ion-deficient solutions were used to clarify how the 
withdrawal of Nat, K+ or СГ affects the responses to the barium ion. Very varied effects were 
recorded in Na*-free solution. From the publications of Gerasimov et al. (1965), Oomura et al. 
(1961), Jerelova et al. (1972), Meves (1968), Geduldig € Junge (1968), Chamberlain & Kerkut 
(1969), Krasts & Veprintzev (1972), Moreton (1972), Kiss & Salanki (1973), etc., it is known 
that the central neurones of various molluscan species react in very different forms to 
Nat-withdrawal. Certain neurones are capable of mixed Na-Ca spike generation, while others 
also generate action potentials in Na*-free Cat* media. 

In Nat-free Batt medium cell-types responding in various ways could be distinguished. The 
Ist type included those cells which cease their action potential generation after some time in 
Nat-free solution, and this is not resumed in Nat-free Bat+ solution either. In the 2nd cell-type 
the spike generation persists in Nat-free solution, and on the action of the barium ion a Bal 
response or IPSP can be recorded, similarly as in the physiological solution (Fig. 8). Indeed, 
under such conditions a BaE response too was observed in certain cells. 

Finally, the 3rd group contains those neurones which suspend their spontaneous or 
synaptically evoked action potential generation in Nat-free solution, but switch over to 
pacemaker potential generation in barium solution. At such time, besides the shapes of the 2 
types of action potential, the site of generation too probably changes, for while characteristic A 
and S spikes are generated in Na-containing physiological solution, in the case of the barium 
spike only the component corresponding to the S spike is marked (Fig. 9). The hyperpolariza- 
tional after-potential of the barium spike is also larger than that recorded in Na* solution. If 
the action potential generation is evoked synaptically from the EPSP, then the change is even 
more striking. In Nat-free Batt solution the EPSP’s are eliminated, and the pacemaker-type 
calcium or calcium-barium spikes become dominant (Fig. 10). In Na*-free solution the neural 
activity decreases considerably, and in barium solution too only a slight increase occurs; this 
points to the presence of not too many barium or calcium-barium spike generating cells 
(Fig. 11). 

In K+- and СГ -free solution both the BaE and Bal responses and the barium-induced EPSP’s 
persist. In the case of the Bal response and the IPSP’s, a complete reversal never occurred, only 
the magnitude of the hyperpolarization changing. The synaptic activation is more enhanced in 
К+-Нее solution than in physiological solution (Fig. 12). The presence of the barium ion 
probably enhances further the inhibition of the Na-K pump mechanism occurring as a 
consequence of the K+ deficiency, and this evokes the appearance of EPSP’s via depolarization. 
On other objects, Sperlakis & Lee (1971) mention that the barium ion inhibits (Nat, 
K+)-ATPase activity. In СГ-Нее solution, the neural activity led off extracellularly is increased 
compared to the control, while in Kt-free solution it decreases, but in barium-containing 
К+-Нее or CI”-free media there is a very marked increase in the frequency of the spike 
discharges. 

In the final experimental series, a study was made of how far the effect of the barium ion 
can be correlated with the function of the cholinergic receptors. For these experiments, mainly 
cholinergic blocking agents were used. The barium-induced BaE and Bal responses were not 
affected by atropine, hexamethonium or d-Tubocurarine in concentrations up to 10°* M. As 
regards the synaptic responses, hemicholinium-3 too proved ineffective. In some experiments, 
the fast IPSP’s could be blocked with dTC, while in other cases the EPSP's could be decreased 
or inhibited with strychnine (Figs. 13,14). Both drugs are known to suspend the functioning 
not only of the acetylcholine receptors, but of other receptors too (Gerschenfeld, 1973; Faber 
& Klee, 1974). 

The experiments performed indicate that the BaE and Bal responses are phenomena 
connected with the change in function of the somatic membrane. However, they do not occur 
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FIG. 5. Barium-induced IPSP’s on cell LPa 50. a, control; b, in 2nd minute after perfusion of 4 mM BaCl, ; 
c, 2 minutes after washing. Calibration: 20 mV and 1 sec. 


FIG. 6. Electric activity recorded from right/upper row and left/lower row pallial nerves. a, control recording; 
b, the spike activity is significantly increased in 4 mM BaCl, medium; с, after 10-minute washing. Calibration: 
upper row 50 uV, lower row 100 uV and 0.5 sec. 


FIG: 7. In high-Mg++ and O-Cat* medium the barium-induced EPSP’s are eliminated, but the BaE response 
persists. Cell VG 5. а, control; b, т 2nd minute т 8 mM BaCl, solution: с, т 2nd minute т 8 mM BaCl,, 
high-Mgt+ and O-Ca** solution; d, after 8-minute washing. Calibration: 20 mV and 1 sec. 


FIG. 8. The Bal response is unchanged in Na*-free barium solution. Cell VG 60. a, control; b, in 2nd minute 
in 4 mM BaCl, solution; с, in 20th minute in Nat-free solution; d, т 2nd minute in Na*-free 4 mM Ball, 
solution; e, in physiological solution after 10-minute washing. Calibration: 20 mV and 0.5 sec. 
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FIG.9. Barium spike generating neurone. Cell VG 8. a, control: b, in 4th minute in Na*-free solution; 
с, in 2nd minute in Na*-free 3 mM BaCl, solution; а, 2-minute washing in NaT-free solution; e, 3-minute 
washing in physiological solution; f, 10-minute washing in physiological solution. Calibration: 20 mV and 0.2 
sec. 


FIG. 10. In Nat-free solution the barium-induced EPSP’s are eliminated, and in barium containing medium 
the hyperpolarizational after-potential of the calcium spike decreases. Cell VG 9. a, control; b, in 4th minute 
in 4 mM BaCl, solution; c, in 10th minute in Nat-free solution; d, in 5th minute in Nat-free 4 mM barium 
solution; e, 10-minute washing in physiological solution. Calibration: 20 mV and 0.2 sec. 


FIG. 11. The electric activity recorded from the right/upper row and :eft/lower row pallial nerves is also 
enhanced in Nat-free barium solution. a, control in physiological solution; b, in Na*-free solution; c, in 
Nat-free 4 mM BaCl, solution; d, in Nat-free solution after washing; e, f, 2- and 15-minute washing in 
physiological solution. Calibration: upper row 50 uV, lower row 100 uV and 0.5 sec. 
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FIG. 12. Enhanced EPSP generation in K*-free barium solution. Cell VG 1. a, control; b, in 2nd minute in 4 
mM BaCl, solution; с, in 10th minute т K+-free solution; d, in 2nd minute in Kt-free 4 mM BaCl, solution; 
e, 15-minute washing in physiological solution. Calibration: 20 mV and 0.5 or 0.2 sec. 


FIG. 13. The barium-induced fast IPSP’s can be inhibited with dTC. Cell RPa 1. a, control; b, in 1st minute 
in 8 mM BaCl, solution; с, in 8 mM BaCl,, 4 X 10-° М dTC solution; d, in 8 mM BaCl, solution; e, in 
physiological solution after washing. Calibration: 20 mV and 1 sec. 


FIG. 14. Strychnine strongly decreases the barium-induced EPSP’s. Cell VG 6. a, control; b, in 3x 10-4“ g/ml 
strychnine physiological solution; с, in 4 mM BaCl, strychnine solution; d, in 4 mM BaCl, solution; e, 
washing between c and d; f, washing after d, in physiological solution. Calibration: 20 mV and 0.2 sec. 
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via the effect exerted on the known D- and H-response giving cholinergic receptors, and are not 
accompanied by completely identical ion-permeability changes. Similarly, the synaptic activation 
does not affect only the functioning of the cholinergic system, but has a general effect. No 
decisive evidence is available in connection with whether the spontaneous transmitter release of 
the synaptic terminals is enhanced by means of the direct effect of the barium ion. Such an 
effect has been successfully confirmed by recording of the excitatoric junction potentials 
induced by barium in the Helix atrium (unpubl. results of the author). Primarily indirect effects 
are assumed for the mechanism of synaptic activation in ganglion cells: viz., depolarization and 
the related frequent spike discharge, as well as the lengthening of the duration of the action 
potentials, all of which may result in enhancement of the transmitter release of the nerve 
terminals. 
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SACOGLOSSAN TEETH 


T. Gascoigne 


14, York Grove, Peckham, London, S.E.15, England 


ABSTRACT 


Sacoglossan teeth form an interlocking, articulated, monoseriate radula, part of which 
acts as a lancet for piercing algal walls. The teeth are of 2 kinds: those in which the 
housing for the adjacent tooth commences near the apex and those in which it begins 
much lower down. Bivalved gastropods have teeth with flexible sides and lateral 
processes. One egg-eating species, Olea hansineensis Agersborg, has a much reduced 
radula, while in another, Calliopaea oophaga Lemche, the radula is highly specialised. 
Probably all sacoglossans have juvenile teeth that are used for a short time in post-larval 
feeding. Two or 3 evolutionary lines are suggested by the differences in tooth patterns. 


INTRODUCTION 


Sacoglossan teeth are fascinating 3-dimensional objects, especially when removed from the 
radular ribbon and examined from all sides. To appreciate their form and function we must 
know something about sacoglossans and how they feed. 

Within the subclass Opisthobranchia, the order Sacoglossa forms a natural compact group of 
about 150 species. Defined in functional terms, sacoglossans are sap-suckers. With their teeth 
they open up the walls of seaweeds and by means of a buccal pump the protoplasm 15 sucked 
out. Almost all of them feed on siphonaceous algae such as Caulerpa and Vaucheria, since with 
a single slit a large volume of sap can be withdrawn. Most sacoglossans feed on only 1 species 
of Siphonales, e.g., Limapontia capitata (Müller) feeds on Cladophora and Elysia viridis 
Montagu on Codium. At least 3 species feed on the eggs of opisthobranchs. 

А sacoglossan radula (Fig. 1a) consists of a single longitudinal row of а few, comparatively 
large teeth mounted on a tough, cuticular ribbon. The row bends sharply downwards near the 
mouth and may be described as having an upper limb (u.l.), a production-line for new teeth, 
and a lower limb (l.1.), that acts as a “cell'-opener. A few species open a wall mainly with a 
rasping action, but the majority do so by piercing; in these the lower limb forms a lancet which 
may be long and curved as in E/ysia (Fig. 1a) or short and straight as in Limapontia. The 
leading tooth (l.t.) acts as the point of the lancet. As the animal grows, larger teeth are 
continuously produced at the end of the upper limb (f.s.) and are pressed forward to replace 
the leading tooth which then moves down the lower limb. 

The teeth fit snugly together (Fig. 1c), the apex of one tooth resting in a hollow on the 
back of the preceding tooth. A pair of posterior projections (p.p.) fit inside the succeeding 
tooth and reduce lateral play. A roller and groove articulation (r., g.) between adjacent teeth 
allows each tooth to turn as it moves from the upper to the lower limb. The length of the 
lancet is controlled by discarding the smaller and older teeth, which are stored in a sac (r.s.). 
This sac is the hallmark of the Sacoglossa from which the order derives its name. Very few of 
the teeth in the sac show any signs of wear and this is mainly due to the high rate of tooth 
production. 

In many sacoglossans, the discarded teeth form a loose ball, as in E/ysia (Fig. 1a); in other 
species they remain attached to the ribbon which ends in a curl. In Placobranchus ocellatus 
Hasselt the ball is large and may contain about 200 teeth, while in one Australian specimen of 
Hermaea dendritica (Alder & Hancock) the number was also great and the ribbon was neatly 
coiled within the sac, like a ship's rope on a deck. 
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FIG. 1. (а) Radula of Elysia viridis. (b) Lateral view of a tooth of Е. viridis — the preceding tooth displaced 
to show the articulation. (c) Sketch of 2 interlocked teeth of Hermaea dendritica. a,d, beginning of housing 
depression; b, base; b.p, basal plate; с, cusp; c.l, cuticular ligament; c.t, cuticular tube; d, denticles; f.s, 
formative sac; g, groove; g.t, ghost tooth; h, hook; j.t, juvenile tooth; 1.1, lower limb; 1.1, leading tooth; p, part 


of preceding tooth; p.p, posterior projections; r, roller; r.r, radular ribbon; r.s, radular sac; t, tip; u.l, upper 
limb. 
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DESCRIPTIONS and TYPES OF TEETH 


In describing an isolated tooth, the surface that includes the cusp is called the front and the 
opposite surface is the back. The basal plate is attached to the radular ribbon and this must be 
borne in mind if it is desired to orientate a single tooth with respect to either the upper or 
lower limb. 

The general structure of a sacoglossan tooth may be illustrated by that of E/ysia (Fig. 1b). И 
consists of a cusp and a base. The base is firmly attached to the radular ribbon by a basal plate 
(b.p.). The cusp is reflexed over the base so that there is a cavity between the base and the 
lower part of the cusp. The apex has a pointed, or hooked tip (t.); the sides may be firm or 
flexible and they may be bordered by denticles as in E/ysia, or have lateral processes (Fig. 3c). 
The radular ribbon is thickened between the roller and groove of adjacent teeth and forms what 
could be called a cuticular ligament (c.l.). It is attached to the roller and groove and its upper 
surface is secured by 4 hooks (h.) — 2 on the posterior projections of 1 tooth and 2 above the 
roller of the next tooth (Fig. 1b). 

Sacoglossan teeth vary considerably in design, but it is possible to distinguish 2 main types 
by the housing on the back of the cusp. In type A, this commences as a depression near the 
apex and extends to the base as in Fig. 1c. The posterior projections are prominent and in 
lateral view the tooth looks like a piercing instrument (Fig. 1b). Oxynoe, Lobiger, Cyerce, 
Tridachia and Placobranchus have teeth of this kind. In type В, the housing commences much 
lower down, almost on a level with the roller or lip (Fig. 2b). The lower part of the cusp is 
inflated to form a basal bulge (b.b.) on which the upper part of the succeeding tooth rests. Its 
tip is housed in a little pit (p.), the forward rim of which is thickened by the bifurcation of a 
median rib (m.r.). The borders of a cusp often have minor projections (m.p.) that could help to 
keep the tooth in position by catching in hollows in the grooves (l.g.) that run along the sides 
of the bulge. On the sides of the tooth are 2 lateral fins (l.f.), which may act as stabilizers. 
Stiliger, Ercolania, Limapontia and Alderia have teeth of this kind. In lateral view, such a tooth 
may resemble a Dutch clog or a sabot and appear unsuitable for piercing, but a back view 
clearly reveals the pointed tip. 

The teeth of bivalved gastropods are better regarded as a sub-section of type A. The basal 
plates are square and the sides of a cusp often have hair-like processes or spinules. The sides are 
flexible and they are easily distorted by pressure, so that the tip may appear bifurcate, or 
surrounded by a hood (Fig. 3c). Further details are given by Gascoigne & Sartory (1974). 

Olea hansineensis Agersborg, an American species, feeds on the eggs of Haminea, Gastrop- 
teron and Aglaja (Crane, 1971). Once inside an egg-string, it sucks down the eggs one after 
another and the teeth are not used in the process. The radula is much reduced; the upper limb 
is usually missing and only 5 or 6 teeth are present on the lower limb; the leading tooth is of 
Type A. Calliopaea oophaga Lemche, a European species, feeds on the eggs of Philine and 
Retusa (Lemche in Gascoigne & Sartory, 1974). Calliopaea resembles О/еа in external features 
but the radula 15 not reduced; № consists of 15 teeth, the leading tooth being also of type A. 
Gascoigne 8 Sartory (1974) suggested that the first 3 teeth are used in post-larval feeding, the 
next 4 are for sap-sucking, and the remainder are modified for egg-eating — in these the cusp 
has greater depth and the apex has a ploughshare crest. 

Hermaea dendritica retains all its teeth on the radular ribbon, therefore the 1st tooth is at 
the end of the ribbon inside the sac, the next tooth is the 2nd one, and so on. The 1st tooth is 
a pointed rodlet 10um long, the 2nd has a base surmounted by a small cusp, and the next 5 
teeth show a gradual transition to the adult shape. Such teeth may be called juvenile teeth. 
Midorigai australis Burn has only 1 juvenile tooth; it is 50um long, which is about twice the 
length of the 2nd tooth, and is shaped like a long bone. In Limapontia capitata, the discarded 
teeth lie jumbled up in a heap inside the sac and the juvenile teeth are best seen in small 
animals of length 1-2 mm, for then the radular sac contains only 3 or 4 teeth. Three of these 
are juvenile teeth, much like the 1st 3 teeth of Hermaea, the 4th is an adult tooth about 4 
times as long as the 3rd one. Probably all sacoglossans have juvenile teeth that are used for a 
short time in post-larval feeding. They may be regarded as larval adaptations but could also 
represent part of an ancestral series. 
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FIG. 2. Limapontia capitata. (а) Lateral view of a tooth; dotted lines indicate the succeeding tooth. (b) Part 
of the back of the cusp. (с) Details of articulation. b, base; b.b, basal bulge; b.p, basal plate; с, cusp; c.l, 
cuticular ligament; g, groove; |, lip; 1.1, lateral fin; l.g, lateral groove; т.р, minor projection; т.г, median rib; 
o, outline of succeeding tooth; p, pit; p.p, posterior projection; r.r, radular ribbon; t, tip. 


DISCUSSION 


A good number of sacoglossans can be recognised by their teeth and taxonomists have long 
appreciated their value in defining genera. They can also give rise to speculations on 
evolutionary trends within the order. 

М we accept T. J. Evans’ view (1950) that Vo/vatella ‘stands at the head of the long 
sacoglossan line’ then we may first consider Vo/vatella. Its tooth (Fig. 3a) has a hooked tip and 
strong denticles, suggesting that the line begins with a modified rasping tooth — simple piercing 
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FIG. 3. Some sacoglossan teeth. (a) Vo/vatella pyriformis Pease. (b) Caliphylla prasinus (Bergh), after Thiele. 
(с) Midorigai australis Burn. b.p, basal plate; c.p, conical pit; d, denticles; п, hook; В. d, housing depression; 
1.р, lateral processes; p.p, posterior projection; г, roller; 1, tip. Tooth lengths: Vo/vatella 200um; Midorigai 
300um; Caliphylla probably 150um. 


teeth came much later. М continues with Cyerce, which has a flattened tip and pointed 
denticles, and in Placobranchus each tooth is like a slender file. The line fades out in Tridachia, 
where the tip is blunt and the denticles minute. It may still be traceable to E/ysia (very minute 
denticles) and has given rise to the hermaean type of tooth. A parallel line with broad rasping 
teeth of type В may be discerned in Cy/indrobulla beaui Fischer, Bosellia, Caliphylla (Fig. 3b), 
and Phyllobranchus, and it may have culminated in the limapontian tooth pattern. The bivalved 
gastropods possibly represent the end of a 3rd line of Permian origin. Cy/lindrobulla fischeri 
Fischer, has a mosaic tooth; the tip is hooked as in Vo/vatella and the sides bear fringes of 
spinules like those of Midorigai. 
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L'IDENTIFICATION DES ESPECES PAR MOYEN DES FICHES PERFOREES 


Fernando Ghisotti 
Societa Malacologica Italiana, Milano, Italia 


ABSTRACT 


One of the most thankless tasks students of natural sciences have to take upon 
themselves (whatever their branch or level of investigation may be) 15 the sure 
identification of species. Analytical keys are certainly very useful, but they may be 
deceiving if the specimen under test is in bad condition or if it is not a typical one; in 
fact each alternative question of the key concerns a single character or only a few 
characters. 

In this paper, the author proposes a system of identification based on perforated 
cards. Each species has М5 own card оп which a very large number of characteristic 
features of the considered species are reported. The author gives a practical demonstra- 
tion of how this method works, as applied to mollusk shells of the genera Gibbula 
inhabiting the Mediterranean Sea, and demonstrates how it makes identification easy and 
rapid, even if specimens are not typical. 


Une des táches parmi les plus desagréables a laquelle quiconque s'interesse aux sciences 
naturelles est oblige a s'astreindre (quelque soit le niveau ou la branche d'application) est la 
determination súre des especes. Toute recherche de zoologie ou de botanique ne peut pas faire 
abstraction de l'organisme qui fait l’object de son étude et de sa collocation systematique. 

Quant a la malacologie, tout le monde sait que bien de travaux de recherche sont bloqués 
dans l'attente d'une détermination sûre des espèces dont il s’agit. Missions océanographiques, 
campagnes de dragage, relèvements paléontologiques, écologiques, biologiques, statistiques, 
études des malacofaunes etc. sont arrêtés à cause de l'impossibilité pratique d'une catalogation 
systématique exacte par celui qui ne soit pas un spécialiste et par surcroît un spécialiste 
versatile. 

Chacun de nous connaît bien les difficultés qu’on va trouver lorsque on s'apprête a identifier 
des exemplaires inconnus, surtout quand il s'agit d'appartenants a familles telles que Trochidae, 
Rissoidae, Pyramidellidae, Turridae dans lesquelles, à cause du nombre élévé des espèces et du 
peu de caractère distinctifs entre plusieurs d'elles, il faut dédier beaucoup de temps à un 
examen attentif et à une minutieuse recherche bibliographique pour atteindre une détermination 
qui reste parfois même douteuse. 

Les clefs dichotomiques sont sans doute tres utiles. Pourtant il est généralement nécessaire 
qu'on dispose d'échantillons parfaits et typiques. En outre il faut savoir interpreter exactement 
les questions successivement posées, qui ne sont parfois tres simples. L'usage de clefs 
dichotomiques comporte enfin le risque de faire fausse route: en effet il suffit de repondre 
inexactement à une seule question pour aboutir à une détermination absolument erronée. S'il 
faut, par example, déterminer, par moyen des clefs dichotomiques, l'espèce Tricolia pulla, il 
faudra prendre la direction indiquée par la proposition: “Coquille à coloration bigarrée et 
brillante... .”, mais si l'échantillon qu'on est en train d’etudier est ronge et decolore, on choisira 
l'autre direction indiquée par la phrase: “Coquille deporvue de coloration brillante et 
bigarree...”’ qui aboutira а une conclusion fausse. 

J'ai porté un example banal, parce que tout malacologue sait distinguer а la premiere vue 
une coquille de Tricolia pulla, méme rongée ou decoloree. Mais justement dans ces mots “a /a 
premiere vue" est la solution du probleme: c'est à dire qu'il faut saisir dans la coquille ces traits 
physionomiques, difficilment exprimables, qui permettent la determination aussi lorsque 
quelque characteristique typique vient a manquer. 

Nous sommes tous capables de reconnaítre une personne entre mille, tandis que nous nous 
etonnons si un berger en fait autant avec ses brebis, qui se ressemblent toutes a nos yeux. En 
effet le specialiste (en ce cas la le berger) est capable de saisir les moindres traits caracteristiques 
et en faire la synthèse qui correspond а la physionomie individuelle. Le defaut des clefs 
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dichotomiques est justement de ne pas proceder avec une marche analitique rigoureuse des 
divers traits differentiels et de ne pas permettre de consequence cette synthese. 

Au contraire en reunissant un grand nombre de traits differentiels sur des fiches perforees, il 
est possible d’avoir une vue d'ensemble qui permet de determiner exactement l'espece. 

Je vais vous donner un example pratique avec des fiches perforees preparees pour les especes 
du genre Gibbula des cótes europeennes. Pour chacune des 24 especes considerees on a appréte 
une fiche particuliere. Parmi les differents modeles des fiches en commerce, j'ai adopte le mod. 
5611 Buffetti, c'est a dire une fiche rectangulaire (mm 201 pour 126), avec 91 trous numerotes 
progressivement et disposes tout autour le long des bords. Chaque trou correspond a une 
caracteristique determinee selon un code qu'on ira vous expliquer en suite. 

Pour chaque fiche, c'est a dire donc pour chaque espece de Gibbula, chaque trou qui 
correspond a une caracteristique de l'espece en question, a été coupe en echancrure. Si on 
introduit une aiguille dans un trou quelconque des fiches rangees en paquet et on la souleve, 
toutes les fiches dont le trou n'est pas echancre, et qui ne possede donc pas la caracteristique 
correspondante au trou méme, seront enlevees du paquet et Ecartees. De telle sorte, apres trois 
ou quatre passages d'aiguille et des eliminations successives, il nour reste la fiche de l'espece 
cherchee, ou bien, dans le cas le plus defavorable, celles des deux ou trois especes sur lesquelles 
concentrer l'examen diagnostic plus complet. 

Dans chaque fiche, au-dessous du nom de l'espèce, on a indique les caractères typiques 
d'importance particuliere pour la determination, ce qui permet, en cas de doutes, d'arriver 
rapidement a la conclusion cherchee. Par caracteres typique j'entend precisement ceux qui 
separent nettement une espece de l’autre: c'est pour cette raison que Gibbula nebulosa (Philippi), 
qui ne possede pas de caracteres nettement distincts de Gibbula umbilicaris (Linnaeus), a ete 
incluse dans la fiche de cette derniere comme sous-espece, avec l'indication de traits qui 
different de ceux de l'espece typique. 

On va montrer un modele du code de determination elabore pour la famille Trochidae 
de la Mediterannee. Pour cette famille on a considere deux elements: distribution et morphologie 
de la coquille. On n'a pas pris en examen la morphologie radulaire, parce-que actuellement 
les données de beaucoup des especes sont encore inconnues. 

La distribution occupe les trous 1-23 et comprends la distribution geographique (16 trous), 
bathymetrique et l'indication du substrat electif. Au-dessous des trous relatifs a la distribution 
geographique les symbols С = commune, N = pas commune, А = rare, ?(point d'interrogation) = 
douteuse, indiquent la frequence. 

La morphologie de la coquille considere son hauteur et diametre, ainsi que leur rapport (util 
lorsqu'on a à déterminer photo ou dessins) et données différentes (angle apical, forme de l'apex, 
de la columelle, des tours, de l’ombilic et de la suture. On a developpe avec ampleur (trous 
48-75) tout ce qui concerne l'ornamentation (sculpture, coloration, dessins). Cela a une raison 
particulière: en effet les determinations effectuées avec les diagnoses originelles, l'iconographie 
ou les clefs dichotomiques sont generalment limitées a la forme typique. Ce fait est la cause 
premiere de l'incertitude qui regne au cours de la classification et qui peut aboutir а la 
confusion ou a la fausse сгоуапсе d'avoir а faire avec une espece nouvelle, lorsqu'il s'agit 
simplement d'une variation ou d'une anomalie. Ces formes sont indiquees dans les fiches par des 
traits. Par example, dans la fiche Gibbula albida, nous voyons que deux traits partants de 
l’echancrure 69 (coloration grisätre) et 81 (dernier tour arrondi) se reunissent pour nous 
indiquer qu’il existe une forme, que Monterosato nomma var. vulgaris, qui possede ces 
caracteres différents de la forme typique. La lettre T qui est placée au-dessus des échancrures 
relatives a la coloration et au dessin indique les données qu'on trouve dans la diagnose 
originelle. 

Les 24 fiches du genre Gibbula contiennent dans l'ensemble plus de 2000 donnees (positives 
ou negatives), qui non permettent seulement de reconnaître aisément l'espèce, mais encore de 
grouper les espèces avec certaines caractéristiques communes. || est possible, par example, de 
donner tout de suite réponse a des questions telles que: “qelles especes de Gibbula vivent dans 
la Mer Noire? Quelles especes vivent dans le plan circa-litoral? Quelles especes ont la suture 
canaliculee? Quelles especes peuvent se presenter avec coloration rougeátre?, etc. etc. 

Le code a été conçu de telle sorte qu'il peut être utilisé au delà du genre Gibbula aussi pour 
les genres Lischkeia, Danilia, Calliostoma, Monodonta, Jujubinus, Clanculus et Isanda de la 
Mediterranee. Avec une autre trentaine de fiches, que je pense de realiser dans les mois 
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prochains, on pourra avoir а disposition un fichier propre а la determination de tous les 
Trochidae vivants dans la Mediterranee. Avec un tel fichier il y a en outre la possibilité d'un 
ajournement continuel: on pourra par example y inclure les Trochidae fossils ou ceux 
extra-mediterraneens; sur un schema initiel on peut opérer en extension et en profondeur, en 
changeant eventuellement le format des fiches et en ajoutant un nombre bien plus etendu de 
donnees. 

A ce propos, il n'est pas fantascientifique de penser que dans un proche avenir toutes les 
especes animales et végétales puissent être classées dans un fichier centralisé, auquel les hommes 
d'étude pourront poser toute question grâce а un terminal. Gaston Fredj de l'Université de Nice 
travaille a un imposant fichier biologique et bibliographique des invertebres macrobenthiques de 
la Mediterranee. Je pense cependant que la premiere question qui s'impose pour permettre 
d’utiliser dignement en avenir ce magnifique travail est la determination süre des especes dont il 
s'agit. J'espere que pour le genre Gibbula cette réponse soit maintenant plus facile et je suis 
bien dispose а collaborer avec d'autres specialistes pour realiser d'autres groupements de fiches 
pour d'autres familles de mollusques marins. 
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CLEF POUR LES FICHES PERFOREES DE LA FAMILLE TROCHIDAE DE LA MEDITERANEE 


1-16 DISTRIBUTION GEOGRAPHIQUE 

1 Côtes atlantiques de l’Europe et du Nordafrique 
2 Côtes de l'Espagne méridionale 
3 Côtes de la Mer Baléarique 
4 Côtes du Golfe du Lion 
5 Côtes de la Mar de Ligurie 
6 Côtes de l’Archipel de Toscane, Corse, Sardaigne 
7 Côtes de la Mer Tyrrhénienne 
8 Côtes de la Sicile 
9 Côtes de la Mer lonienne 

10 Côtes de la Mer Adriatique 

11 Côtes de la Mer Egée 

12 Côtes de la Mer du Levant 
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13 Côtes de l'Egypte 

14 Côtes de Lybie e Tunisie 
15 Côtes d'Algérie 

16 Côtes de la Mer Noire 


17-21 DISTRIBUTION BATHYMETRIQUE 
17 Plan supra-litoral 
18 Plan meso-litoral 
19 Plan infra-litoral 
20 Plan circalitoral 
21 Plan bathyal 


22-23 SUBSTRATS 
22 Substrats mobiles 
23 Substrats rigides 


24-29 RAPPORT HAUTEUR/DIAMETRE (DE LA COQUILLE) 
24 Moins de 0,75 
25 Entre 0,75 et 0,85 
26 Entre 0,85 et 1,00 
27 Entre 1,00 et 1,20 
28 Entre 1,20 et 1,40 
29 Plus de 1,40 


30-34 HAUTEUR DE LA COQUILLE 
30 Moins de 5 mm 
31 Entre 5 et 10 mm 
32 Entre 10 et 15 mm 
33 Entre 15 et 20 mm 
34 Plus de 20 mm 


35-39 DIAMETRE DE LA COQUILLE 
35 Moins de 5 mm 
36 Entre 5 et 10 mm 
37 Entre 10 et 15 mm 
38 Entre 15 et 20 mm 
39 Plus de 20 mm 


40-43 OUVERTURE DE L'ANGLE APICAL 
40 Moins de 50° 
41 Entre 50° et 75° 
42 Entre 75” et 90° 
43 Plus de 90° 


44-45 CONFORMATION DE L'APEX (SOMMET) 
44 Apex aigu 
45 Apex obtus 


46-47 CONFORMATION DE LA COLUMELLE 
46 Columelle lisse 
47 Columelle avec dent ou tubercule 


48-51 SCULPTURE 
48 Absence de sculpture (coquille lisse) 
49 Sculpture spirale 
50 Sculpture axiale 
51 Elements circonscrits (tubercules, lamelles) 


52-64 ANALYSE DE LA SCULPTURE SPIRALE 
-52 Elements fins (filets, stries) 
53 Elements gros (cordons, sillons) 
54 Elements peu saillants 
55 Elements bien saillants 
56 Elements plus larges des interspaces 
57 Elements plus étroits des interspaces 
58 Plus de 10 elem. sur le dernier tour 
59 9 Elem. au maximum sur le dernier tour 
60 Elements lisses 
61 El. granuleux ou sillonnés fortement par les 
stries d'acroissement 
62 Elements dédoublés 
63 El. réguliers (presque égaux entre eux) 
64 El. irréguliers (nettement divers entre eux) 


65-70 COLORATION DE FOND 
65 Blanche, blanchatre, incolore 
66 Jaunátre ou olivátre 
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67 Rose ou rougeätre 

68 Beige ou marron 

69 Grise ou grisätre 

70 Foncée (brun ou noirätre) 


71-75 DESSIN 
71 Absence de dessin (coquilles monochromes) 
72 Points, täches, tesselature 
73 Linéoles 
74 Flammes axiales 
75 Bandes ou listes spirales 


76-83 CARACTERISTIQUES DES TOURS 
76 Nombre des tours ста ou moins 
77 Nombre des tours plus de six 
78 Tours aplatis ou concaves 
79 Tours convexes 
80 Tours étagés 
81 Dernier tour arrondi 
82 Dernier tour inférieurm. anguleux (Caréne) 
83 Dernier tour détaché 


84-86 CARACTERISTIQUES DE LA SUTURE 
84 Suture peu évidente 
85 Suture bien évidente 
86 Suture canaliculée 


87-91 CARACTERISTIQUES DE L'OMBILIC 
87 Ombilic large et rond 
88 Ombilic étroit ou non rond 
89 Ombilic nul ou presque 
90 Ombilic avec crénulation au pourtour 
91 Callosité blanche priombilicale 
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ABSTRACT 


Among the littoral organisms, molluscs are the most directly influenced by domestic as 
well as by industrial pollution. The aim of this research was to list the different species 
living in the coastal area and to study the most characteristic associations. This research 
may be the basis for a future study on the eventual variations of mollusc populations due 
to a treatment plant that will begin operation in the middle of 1977. 


INTRODUCTION 


The literature concerning studies on molluscs living in the coastal area of Lake Lugano is 
abundant, e.g., Stabile (1845, 1859), Broemme (1892), Amstein (1862), Fruhstorfer (1920), 
Suter (1891), Imhof (1901) and Mermod (1930). On the profundal fauna we have found the 
papers by Азрег (1880) and Fehlmann (1911), but nevertheless information on this subject is 
very scarce and vague. 


GEOMORPHOLOGICAL ASPECTS OF CERESIO 


Lake Lugano is surrounded by mountains whose geological formation is of a double nature: 
the northeastern part of the Gandria-Porlezza basin in a sedimentary Mesozoic formation 
constituted by Noric chalk on the right side of the Val Porlezza and by Lias marly and flinty 
chalk on the remaining tract. The other basins of Ceresio have metamorphic and porphyritic 
rocks. The Como's Mesozoic block is separated from these formations by the fault that from 
Pregassona crosses the Ceresio as far as Caprino, Arogno and Capolago. (Nangeroni, 1969, 1974). 

The excavation of the cryptodepression of Ceresio is due to Quaternary glaciations that, 
deposing on the preexisting subalpine neogenic valleys, have determined the present morphology 
(Nangeroni, 1956). Two spits of glacial transfluence have invaded the area of Ceresio during the 
Wurm: one, coming from the Ticinese glacier, has formed the basin of Agno and Figino; the 
other, coming from the glacier of Valtellina, has formed the basins of Capolago and Porto 
Ceresio (Nangeroni, 1954; Pracchi, 1954). 

Among the recent geomorphological changes we need to remember the alluvional deposits of 
some rivers: River Cuccio filled in the northeastern part of the lake separating the Lake Piano 
(Baldi, Pirocchi & Tonolli, 1949); River Cassarate's outlet flows into the Gulf of Lugano; River 
Magliasina's estuary has partially divided the basin of Agno by that of Brusimpiano, originating 
the basin of Ponte Tresa (Taramelli, 1903); River Vedeggio's alluvional deposits constitute the 
plane of Agno. 


ÎThis research has been partly carried on at the Acquario Civico e Stazione Idrobiologica of Milan. 


Contribution No. 1031 of the Biology Programme, Directorate General XII of the Commission of European 
Communities. 
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GENERAL CHARACTERISTICS OF THE LAKE 
Lake Lugano has a surface area of 48.9 km? and a total volume of 6.56 km“. The maximum 
depth is 288 m, the mean depth 130 m. The drainage basin is 614.51 km? (Baldi, Pirocchi & 
Tonolli, 1949). The lake is divided in different basins: Gandria, Capolago, Porto Ceresio, Figino, 
Agno and Ponte Tresa. The input by rivers is 21.3 т 3 /sec (0.67 km? /year), which is equal to 
1/10 of the total volume. It has been calculated that the time necessary for a complete renewal 
of the water 1$ 9 years. 


METHODS OF COLLECTION 


Collections were made with a Tonolli's sleigh every 6 weeks for a period of 23 months in 6 
stations: Brusino Arsizio, Melano, Porto Ceresio, Agno, Lavena and Porlezza. 

Hand collections of a square meter were made for a year in 4 stations: Brusino Arsizio, 
Melano, Porlezza and Lavena; for the same period hand samples were collected, as a control, in 
48 stations. 

A Petersen dredge was used to collect benthos in 8 stations: Ponte Tresa, Agno, Figino, 
Morcote, Capolago, Melide, Lugano and Gandria. 


DESCRIPTION OF THE STATIONS 


A description of the 54 littoral stations that have been grouped in relation to their basin is 
reported in Table 1 and Fig. 1. 


CHEMICAL-PHYSICAL CHARACTERISTICS 


Six stations have been chosen for a cycle collection of chemical-physical data: temperature, 
pH and oxygen concentration were measured (Fig. 2). The oxygen concentration of the 
superficial water is always high, 6.8 to 9.5 mg/l in winter and 15.4 to 18.1 mg/l in May. 


POPULATION STRUCTURE 


Six stations were chosen for a study of the malacocoenosis: Brusino Arsizio, Melano, Porto 
Ceresio, Agno, Porlezza and Lavena. The species collected in these stations were the following: 
Lymnaea peregra (Linnaeus),3 Physa fontinalis (Linnaeus), P. acuta (Draparnaud), Planorbis 
carinatus (Müller), Gyraulus albus (Müller), Hippeutis complanatus (Linnaeus), Bathyomphalus 
contortus (Linnaeus), Armiger crista (Linnaeus), Ancylus fluviatilis (Müller), Acroloxus lacustris 
(Linnaeus), Viviparus ater (DeCristofori & Jan), Valvata piscinalis (Müller), V. cristata (Müller), 
Bithynia tentaculata (Linnaeus), Marstoniopsis insubrica (Küster), Sphaerium corneum 
(Linnaeus), Pisidium sp., Unio mancus (Lamarck),4 Anodonta cygnea (Linnaeus). 

The material collected by means of a Tonolli’s sleigh (Table 2) at a depth from 5 to 12 
meters and at a distance from the shore of 35-40 m was classified and counted. The numerically 
dominant species were prosobranchs: Valvata piscinalis, Bithynia tentaculata and Viviparus ater 
(this last species was never found in the basin of Agno). Among the lamellibranchs, Unio and 
Anodonta were numerically far less important than Pisidium. The pulmonates, represented 
mainly by Lymnaea peregra and Planorbis carinatus, had a frequency varying from 6.6% at 
Melano to 35.6% at Brusino Arsizio. The other pulmonates were less important, e.g., Gyrau/us 
albus was represented by 2.6% at Melano and 2.4% at Porto Ceresio. Acro/oxus lacustris 
reached 3.8% at Porto Ceresio and 7.6% at Porlezza. 

In 4 stations (Brusino Arsizio, Melano, Porlezza and Lavena), collections were made in a 


3We did not separate Lymnaea peregra from L. auricularia taxonomically, because in many stations we found 
that the 2 species live together in the same habitat. So it is impossible to distinguish all of the specimens of 
the 2 species, especially the young ones (Mirolli, 1958, 1959). Moreover we could not make dissections of all 
specimens (Hubendick, 1951) nor do chromatography (Wright, 1959; Walter, 1973). 

Upon further examination of the systematics of Unionidae, please read Unio glaucinus vulgaris instead of U. 
mancus. 
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TABLE 1. Collection stations. 


Station Coast Bottom Exp. Slope in ° 
Darna grass gravel W-NW 12 
Rescia grass stones NW 30 
Cima village stones S 13 
Righeggia houses stones N-NE 12 
Cressognio field stones S-SE 32 
St. Mamete village stones S-SE 42 
Doglio woodland rocks NE 30 
Oria village gravel $ 48 
Sta. Margherita woodland stones N-NW 25 
Gandria dogana rocks rocks S 71 
Gandria darsena village stones S 68 
Landessa woodland stones М 36 
St. Domenico houses rubble $ 35 
Caprino woodland stones М 41 
Cassarate rubble gravel S 28 
Conca d'oro village stones NE 16 
Cavallino houses rocks W-NW 48 
Campione houses stones W 16 
Ferrera road stones E 30 
Bissone houses stones W 7 
Bissone village stones W-SW 24 
Maroggia village gravel W 37 
Maroggia fields gravel SW 37 
Salbioncella woodland stones NE 20 
Melano fields stones SW 18 
Ronco St. Croce houses rocks E zul 
Riva S. Vitale grass stones N 14 
Laveggio village stones N 8 
Melide gardens stones SE 11 
Colombaio houses stones E-SE 32 
Punta di Poiana road stones N 24 
Brusino Arsizio village stones W 22 
Finate woodland stones N-NE 19 
Morcote houses rubble S 36 
Selvapiana houses stones E 25 
Porto Ceresio road stones NE 12 
Rio Borsago woodland stones NE 24 
Le Cantine woodland gravel E-NE 28 
Buro houses stones SW 34 
Brusimpiccolo road stones SE 17 
Brusimpiano village rubble NE 39 
Figino grass mud W 11 
Punta Poncione woodland stones E-SE 36 
Magliasina woodland gravel SE 23 
Castellaccio houses stones E 13 
Pian Roncate grass stones NW 36 
Vigotti houses stones NE 19 
Vedeggio trees mud S — 
Molinazzo trees mud S 9 
Agno grass stones S 9 
Lavena's canal houses gravel N 5 
Lavena grass mud N-NE 20 
Ponte Tresa road mud NE 12 


square meter following the annual cycle at а depth of 60 cm. The results reported in Fig. 3 
clearly show that there 15 a great difference between the littoral and the deep malacocoenosis. 
Even М we cannot exclude a difference due to the different methods of collection, it 15 
probable that there is a qualitative and quantitative variation of the fauna due to the increasing 
depth. 

In the samples collected by hand, pulmonates prevail at shallow depths, mostly Lymnaea 
peregra and Planorbis carinatus. Ancylus fluviatilis was found only at Porlezza and Lavena 
(34.4%). We must point out that for Ancylus fluviatilis at Porlezza, the collections were made 
in a particular habitat, i.e., near a creek. Prosobranchs are far less numerous in hand samples. 
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TABLE 2. Numbers and percentages of molluscs collected by mean of the Tonolli’s sleigh. 


Station 
Brusino Melano Porto Ceresio Agno Porlezza Lavena 
Species No. % No % No. % No. % No. % №. % 
Lymnaea peregra 12 26.7 97 18 152 3.0 180 7.9 Si ale 293 4.2 
Physa fontinalis ie 2.2 1 0.2 1 002 о 0.0 20051 14 02 
Physa acuta 0 00 о 0.0 о 0.0 SOP 17 о 0.0 о 0.0 
Planorbis carinatus 2 4.4 8 1.6 2 0.04 о 0.0 26 1.5 57 0.8 
Gyraulus albus 0 0.0 1372216 119 2.4 2# 051 9 05 65 09 
Hippeutis complanatus о 0.0 0 0.0 2 0.04 о 0.0 о 0.0 0 0.0 
Armiger crista о 0.0 о 0.0 9702 0 0.0 о 0.0 7 (Os 
Ancylus fluviatilis 114 2.2 о 0.0 1150/02 1 004 44 26 8 04 
Acroloxus lacustris о 0.0 2 04 190 3.8 19 0.8 128 7.6 36 05 
Viviparus ater 9 20.0 16 3.2 128 12.5 О 0.0 150 9.0 1780 25.3 
Valvata piscinalis 8 17.8 391 78.0 2585 51.5 1275 56.1 323 19.4 3047 43.3 
Valvata cristata о 0.0 0 00 32 0.6 О 00 246 14.8 33 0.4 
Bithynia tentaculata a 17 3.4 506 10.1 100 4.4 140 84 185 2.7 
Marstoniopsis insubrica 0 0.0 0 0.0 052 00 0 00 7 04 072.00 
Sphaerium sp. о 0.0 1992 о 0.0 14 0.6 1 0.07 42 0.6 
Pisidium sp. 32.267, 42 84 1065 21.2 599 26.3 304 18.2 915) 13:0 
Unio mancus 4 359 0 0.0 209 4.2 33 #14, | 229), 13:7 479 6.9 
Anodonta cygnea o 0.0 1202 26:05 16 0.7 34 2.0 7310 
Total 45 100.0 501 100.0 5027 100.0 2278 100.0 1674 100.0 7034 100.0 


FIG. 2. Chemical-physical characteristics. 


Viviparus ater was present in the 4 stations, while Valvata piscinalis and Bithynia tentaculata 
were absent at Melano. This station is the only 1 among the 4 to have formations of Phragmites 
communis; here Unio mancus and Anodonta cygnea were common; Acroloxus lacustris was 
very common and Ancylus fluviatilis was absent. 


LYFE CYCLE OF LYMNAEA PEREGRA, PLANORBIS CARINATUS 
AND ANCYLUS FLUVIATILIS 


It has been possible to reconstruct the life cycle only for those gastropods with the highest 
population densities. The most important characteristics of the life cycle are common to 3 
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% ind., Tonolli sleigh 


Prosobranchi Bivalvi 


I 


Polmonati 


FIG.3. Percentage of pulmonates, prosobranchs and bivalves calculated on 2 sampling methods: hand 
collection on a square meter and collection with a Tonolli’s sleigh. Station 1, Brusino A.; 2, Melano; 3, Porto 
Ceresio; 4, Agno; 5, Porlezza; 6, Lavena. 


species: Lymnaea peregra, Planorbis carinatus and Ancylus fluviatilis; they do not differ 
significantly from the cycle reported by other authors for pulmonates (Fig. 4). The population 
greatly increases from spring to summer and reaches the maximum value in July. For example, 
the frequency of Planorbis in July was 90% of the total number of specimens collected during 
the year. The increase was due to the young that were hatched from the egg-capsules layed by 
the few individuals that were alive after the winter. This hypothesis seems to be confirmed by 
the presence of few specimens of large size in February and the disappearance of these in July, 
the month in which we found only specimens of small size. Specimens of small size were found 
at the end of the summer and in the autumn, and their presence seems to prove that individuals 
born at the end of spring or the beginning of summer lay eggs during summer or the beginning 
of autumn. For this reason we presume that the spring-summer generation has a very quick life 
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FIG. 4. Percentage distribution frequency of Molluscs in the Lake Lugano. 1, Lymnaea peregra; (reported to 
100%); 2, Planorbis carinatus; 3, Valvata pinscinalis; 4, Bithynia tentaculata; 5, Gyraulus albus; 6, Armiger 
crista; 7, Pisidium sp.; 8, Viviparus ater; 9, Acroloxus lacustris; 10, Unio mancus; 11, Physa fontinalis; 12, 
Valvata cristata; 13, Ancylus fluviatilis; 14, Anodonta cygnea; 15, Physa acuta; 16, Hippeutis complanatus; 
17, Marstoniopsis insubrica; 18, Ferrissia wautieri; 19, Bathyomphalus contortus; 20, Sphaerium sp. 


cycle, reaching sexual maturity in a few months. The generation born at the end of summer 
and in autumn will survive during the winter and will start to lay eggs the following spring 
before July. 


DESCRIPTION OF THE FAUNA 


The species found in the littoral area reported for the stations of Brusino Arsizio, Melano, 
Porlezza and Lavena, are the same in almost all the stations that we investigated. The most 
diffused were: Lymnaea peregra, Planorbis carinatus, Gyraulus albus, Valvata piscinalis and 
Bithynia tentaculata (Tables 3,4). Physa fontinalis, Armiger crista, and Viviparus ater were 
found in some stations. 

The fauna seems monotonous all around the lake, but some unidentified factors seem to 
produce a strong difference among the stations, and in some cases the presence of Physa acuta, 


TABLE 3. Numbers and percentages of molluscs collected by hand in a square meter. 


Station 
Brusino Melano Porlezza Lavena 
Species No. % No. % No. % No. % 
Lymnaea peregra 1191 89.20 11 32.41 6 0.21 3320 53.10 
Physa fontinalis 0 0.00 0 0.00 0 0.00 35 0.70 
Physa acuta 0 0.00 0 0.00 0 0.00 17 0.20 
Planorbis carinatus 35 2.60 1 2.90 59 2:20 484 7.70 
Gyraulus albus 1 0.07 3 8.80 0 0.00 85 1.50 
Armiger crista 12 0.80 2 5.80 0 0.00 0 0.00 
Ancylus fluviatilis 2 0.15 0 0.00 2489 94.40 1745 27.80 
Acroloxus lacustris 1 0.07 3 8.80 18 0.70 1 0.01 
Viviparus ater 44 3.10 11 32.40 5 0.20 14 0.20 
Valvata piscinalis 39 3.00 0 0.00 34 1.30 131 2.10 
Valvata cristata 0 0.00 0 0.00 7 0.30 0 0.00 
Bithynia tentaculata 9 0.60 0 0.00 18 0.70 416 6.60 
Pisidium sp. 2 0.30 1 2.90 0 0.00 10 0.20 
Unio mancus 0 0.00 1 2.90 0 0.00 0 0.00 
Anodonta cygnea 0 0.00 1 2.90 0 0.00 0 0.00 
Total 1336 100.00 34 100.00 2636 100.00 6258 100.00 
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Lymnaea 


auricularia 


24-V1-72 


n= 100 


Planorbis 


carinatus 


30 -Ун-72 
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15 25 35 45 55 65 75 8595 тт 


% 


Ancylus 
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п— 100 


12 20 28 3644 5260 687684 тт 


FIG. 5. Population dynamics of Lymnaea peregra, Planorbis carinatus and Ancylus fluviatilis at Lavena. [Errata 
corrige: For Lymnaea, please read peregra instead of auricularia. ] 
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Ancylus fluviatilis, Acroloxus lacustris and Valvata cristata could let us think about a causal 
relationship. 

Even if the difference in the methods of collection may have affected our results, it seems 
interesting to include evidence of some absence or scarceness of fauna found in the different 
basins, because they may be useful for future research. 

Basin of Capolago: scarcity of Armiger crista, Acroloxus lacustris, Viviparus ater, Valvata 
cristata and Bithynia tentaculata. Absence of Ancylus fluviatilis. 

Basin of Porto Ceresio: sporadic presence of Physidae and Ancylus fluviatilis. 

In the part of the lake at the River Magliasina's outlet, Carabietta and the Gulf of Agno, the 
absence of Viviparus ater is noteworthy. 

Basin of Ponte Tresa: decrease in the number of pulmonate species after Lavena's channel. 

Basin of Gandria: presence of Marstoniopsis insubrica (Girod, Bona & Mariani, 1973). 
Between Oria and Lugano, the presence of Bathyomphalus contortus. Both of these species 
have a sporadic distribution. 

In Porto Ceresio and Agno, Hippeutis complanatus was collected. We emphasize the finding 
of Ferrissia wautieri at Agno and Riva San Vitale (Mariani & Ravera, in press; Girod, Bona & 
Freddi, in press). Physa acuta seems to live in very definite places of the lake — Ponte Tresa, 
Lavena, Agno, Lugano and Riva S. Vitale. 

For the bivalves, sampling was possible only by the use of a Tonolli sleigh in front of the 
shore. Unio mancus seems to be more abundant than Anodonta cygnea all over the lake, since 
as we found it at the stations of Porto Ceresio, Lavena, Agno and Porlezza. The Pisidium 
species have not yet been classified. 


PETERSEN DREDGE SAMPLES 


Samples were collected at depths ranging from 10 to 300 meters. The results obtained are 
the following: prosobranchs were collected up to a depth of 10 meters at Lugano, Capolago, 
Agno and Ponte Tresa. Pisidium was found up to a depth of 50 m at Lugano and Gandria. 
Bonomi (1967) found Pisidium in the basin of Gandria at 57.5 m. Asper (1880) found Pisidium 
at 250 m at Lugano, and Suther (1891) classified those Pisidium as P. italicum. Fehlmann 
(1911) found Lymnaea profunda at 90 m at Figino and at 50 m at Capolago; L. abissicola at 
70m at Figino; a Lymnaea sp. at 50 m and 70 m at Lugano and Capolago, and at 50 m at 
Ponte Tresa. Mermod (1930) and Hubendick (1951) reported L. profunda as L. ovata, and L. 
abissicola as L. palustris. Fehlmann reported P. /uganense for the basins of Gandria, Campione, 
Capolago, Figino, Agno and Ponte Tresa, which means down to the maximum depths; he 
reported P. obtusale for Morcote and Ponte Tresa, and P. amnicum for Agno. Mermod was 
wrong in listing Bithynia tentaculata, Valvata piscinalis, V. cristata, and Viviparus ater as part of 
the profundal fauna; Fehimann (1911) said that these species were represented only by empty 
shells. The differences between our data and those by Fehlmann are chiefly due to the different 
sampling methods (Steimann dredge net vs. Petersen dredge), and also to the remarkable 
ecological changes that have occurred in the lake from 1910 to 1973. 


SEASONAL MIGRATIONS 


For Viviparus ater at the station of Porlezza, we found that the presence of males and 
females near the shore increased from March to June, while the higher frequencies of young 
was in June (51.36%) and July (77%). This is related to the delaying period: females with 
embryos are numerous in May (51.25%), but their presence diminishes during the following 
months, and after August they seem to leave the shore, going deeper. The presence of Bithynia 
tentaculata diminishes during the summer and almost disappears from November to February. 
The frequence near the shore of Marstoniopsis insubrica and Unio mancus also seems to be 
influenced by the period of oviposition. 
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CONCLUSIONS 


From the data reported in the literature, we may conclude that the species that seem to be 
new for Lake Lugano are the following: Physa acuta, which is present at Lugano, Capolago, 
Agno, Lavena and Ponte Tresa; Armiger crista, which has practically colonized the whole lake; 
Ferrissia wautieri and Marstoniopsis insubrica, which are isolated and known for few stations. 
Theodoxus fluviatilis, reported by Mermod (1930) for the area of Cassarate, is not present. The 
original data given for that species, however, were by Stabile (1859) and were for Cassarate 
River. 

We cannot make other conclusions at present, because the sampling methods, which are 
impossible to compare, do not allow us to give significance to the relationships that would seem 
to exist between the fauna and the different ecological characteristics in every basin. 

All of the molluscan specimens collected during this research are in the Malacological 
Collection of the Acquario Civico-Stazione Idrobiologica of Milano. 
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ABSTRACT 


The data collected on the land and freshwater molluscs living on the island of Sardinia 
tend to prove that the original Sardo-Corsican malacofauna was principally of European 
stock; this offers a good opportunity for confirming the theory on the existence of an 
intimate pre-Miocene contact between the Sardo-Corsican complex and Provence. 


My interest in land and freshwater molluscs of Sardinia is prompted by 2 different reasons. 
First of all the typical curiosity of a researcher in systematics for species proper to one of the 
most interesting regions of Italy, next the desire to verify the hypotheses of other researchers 
(see bibliography) on the origin of animals populating Sardinia. This aspect of my investigation 
has lately acquired particular importance, thanks to the recent geological interpretations of the 
origin of the Sardo-Corsican complex. 

Originally Sardinia and Corsica were united and seem to have been attached to southern 
France, from where they were slowly cut adrift (Fig. 1). Alvarez (1972) asserts that a vast 
series of observations on the paleomagnetism of Sardo-Corsican rocks and the rich fluvial 
deposits of crystalline rocks left along the Provencial coasts by streams and rivers flowing from 
south to north stand to prove this hypothesis and support the idea that in olden times south of 
the actual Provencial coast-line there were chains of mountains now only partially represented 
by the Sardo-Corsican crystalline reliefs. 


40* 
R 
Menorca 


FIG. 1. The rotation of Corsica and Sardinia. Situation at about 12 m.y.SP, before the beginning of rotation. 
Present coastlines are shown for reference, as are the present 1,000 m bathymetric contour (thin line) and 
edge of the abyssal plain (heavy barbed line). The present location of a zone of thick sedimentary 
accumulation, thought to be related to an ancient trench, is shown by wide ruling (two-way reflection time 
of more than 0.5 S) and close ruling (more than 1.0 s). This fit of continental margins determines the pole of 


rotation shown at 43° 22’ N, 9° 38° E (From Alvarez, 1972). 


(125) 
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Still, according to Alvarez, the tortonian marine fossils found in front of the coasts of 
Provence witness that this drifting phenomenon occurred between 11.5 and 7 million years ago. 
Radicati di Brozolo 8: Giglia (1973) contend instead that on the basis of the radiometric age 
of the metamorphism of certain beds of rocks in the Apuane Alps such movement started 16 
million years ago. 

In the light of these statements and in consideration of the consequent inevitable fall of the 
many hypothetical ‘‘bridges’’ and classical interpretations, the origin of the Sardo-Corsican 
fauna must be revised, starting with the land and freshwater molluscs, which are generally 
considered as one of the most significant animal groups for biogeographical investigations. 

The land and freshwater malacofauna of Sardinia consists at present of about 140 species 
divided into 84 genera and 37 families. Twenty-one species have a vast geonemy; 6 are 
European “sensu lato,'” 18 Euro-Mediterranean, 81 strictly European, 8 holo-Mediterranean, 17 
west-Mediterranean (or peri-Tyrrhenian), 3 central Mediterranean, 3 common to Sardinia, 
southern Italy and Sicily, 5 Tyrrhenian and 24 endemic. 


Species with a vast geonemy 


The species having a vast geonemy (holoarctic, holopalearctic, etc.) comprise most of the 
prosobranchs and freshwater pulmonates, e.g., Va/vata (Cincinna) piscinalis piscinalis (Miller), 
Ancylus fluviatilis Müller, Lymnaea (Galba) truncatula (Muller), Lymnaea (Radix) peregra 
(Müller) and some land pulmonates: Vertigo (s.str.) antivertigo Draparnaud, Va/lonia pulchella 
(Müller) and Deroceras laeve (Müller). 

Even if these taxa are in most cases not passively imported, their biogeographical importance 
is certainly not very high. Nevertheless, their remarkable number illustrates the ancientness of 
the mollusc fauna in Sardinia and also the existence of a Sardo-Corsican complex connected 
with some of the lands which emerged from the boreal hemisphere in the early Tertiary, i.e., 
when the above mentioned species were already uniformly distributed. These taxa are, in fact, 
the basis of the European, Asiatic and North American malacofaunas. 


European species “sensu lato’’ 


Among the European species “sensu lato,” | have classified forms which are well represented 
not only in Europe and in certain Mediterranean zones, but also in some regions of Asia Minor 
reaching as far as the Caucasus. Freshwater species apart, the most interesting taxon 15 
Truncatel'ina callicratis (Scacchi), whose geonemy is of the south-European-Turanian type; 
although it does not prove the establishment of oriental species in Sardinia, it gives evidence 
for the existence of very ancient connections between the Sardo-Corsican complex and regions 
actually belonging to Europe (as stated above for species with a vast geonemy). 


Euro-Mediterranean species 


The geonemy of a good many species is evidently of the Euro-Mediterranean type, e.g., 
Pomatias elegans elegans (Müller), Granopupa granum (Draparnaud) and Helix (Cryptomphalus) 
aspersa Müller. Even these species, however, are of small interest for biogeographical investiga- 
tions, because of their tendency to be transported passively, by man in particular. In my view, 
some of them are undoubtedly original to Sardinia, e.g., Granopupa granum (Draparnaud), 
whose particular ecology is strictly related to rocky-calcareous grounds, and the smallness and 
fragility of the shell are not fit for passive transportation. Granopupa granum (Draparnaud) is 
present even in the calcareous grounds of the islands belonging to the Tuscan Archipelago and, 
more or less, in all the regions of Italy where calcareous rocks are found. It is widely 
represented also in southern France and in Spain, so its presence in Sardinia is probably rather 
ancient. This species belongs to the primary stock that colonized the Sardo-Corsican complex in 
the ages when the latter formed part of Tyrrhenis.! 


1Tyrrhenis must be considered in the light of Jeannel's work (1942, р 408-409, figs. 179-180), but it never 
comprised emerged lands in the actual western Tyrrhenian sea if Sardinia and Corsica were attached to 
southern France. 
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European species “sensu stricto”” 


The number of European species in the strict sense is even larger. Almost all of the 29 
entities | have found in Sardinia belong to groups which are well represented even in fossil beds 
of the Tertiary in Europe, so that all | have said for the above mentioned biogeographical 
categories apply to the European s.str. species as well. 


Mediterranean species 


The entities pertaining to the entire Mediterranean area are rather few (8 in all), but if added 
to the western and central Mediterranean entities (respectively 17 and 3), the amount of 
Mediterranean species in the Sardinian malacofauna rises considerably. There are 28 species, 
many of which are clearly not imported, e.g., Rupestrella philippii (Cantraine), Cochlicella acuta 
(Müller), Pomatias sulcatus (Draparnaud), Punctum (Toltecia) micropleuros Paget, Ferussacia 
(s.str.) folliculus (Gmelin) and Hygromia (Ganula) lanuginosa (Boissy). Hygromia (Ganula) 
lanuginosa (Boissy), is undoubtedly of the greatest interest, as it is present in the Balearic Isles, 
as well as in southwestern Europe, and, so М seems, even in North Africa. Like many other 
species of the same biogeographical category, e.g., Sphincterochila (Albea) candidissima 
(Draparnaud) and Pomatias sulcatus (Draparnaud), Hygromia (Ganula) lanuginosa (Boissy) might 
have suggested, in agreement with the classical biogeographical interpretations, the existence of 
Sardo-Maghrebine connections or, at least, connections between France, Spain, Sardinia and 
Maghreb, which occurred from the Paleocene throughout the Oligocene, or even contacts 
between France, Spain and Sardinia in the Pontic age, through remains of Tyrrhenis in the west 
Mediterranean sea. Considering their apparently uniform distribution in the western part of 
Tyrrhenis since the early Tertiary, the presence of these entities in Sardinia may be explained 
by the hypothesis of a strict connection between the Sardo-Corsican complex and southern 
France, a connection broken by drift in the middle Miocene (cf. Alvarez, 1972; Radicati di 
Brozolo & Giglia, 1973). 

This interpretation of the origin of the Sardinian malacofauna, in my view the most 
convincing yet formulated, does not include the following species: Marmorana (Murella) muralis 
cf. subsp. muralis (Müller) and Xeroplexa (Xeroclausa) meda (Porro). The geonemy of these 
species is apparently of the “south Appenine-Sardo-Sicilian’’ type. How did they reach Sardinia? 
Were there any Sardo-Sicilian or Sardo-Pontine connections in the Pontic age (cf. Jeannel, 
1942)? It is not easy to give a reliable answer, but | feel that an affirmative reply is unjustified 
and even more hazardous than a negative one. Many are the species common to Sardinia and 
Sicily which can be recognized as west-Mediterranean entities, living in olden times also in 
Maghreb, in the Iberian peninsula and Provence, and which reached Sardinia through direct 
Sardo-Provencial contacts (without the help of “bridges””). But the presence in Sardinia of 
Marmorana (Murella) muralis cf. subsp. muralis (Müller) and of Xeroplexa (Xeroclausa) meda 
(Porro) is rather mysterious. Although no longer living in southern France and Spain, | think it 
is possible to consider Xeroplexa (Xeroclausa) meda (Porro) original to Sardinia and, like 
Pomatias sulcatus (Draparnaud) and Hygromia (Ganula) lanuginosa (Boissy), part of the 
colonizing fauna of Spain and southern France before the Sardo-Corsican complex went a drift. 
Магтогапа (Murella) muralis cf. subsp. muralis (Müller) is probably an imported species, which 
was transported by man from Sicily (this species is present in other Tyrrhenian localities). 


Strictly Tyrrhenian species 


The Tyrrhenian species in the strict sense comprise only 4 entities of great interest: Limax 
corsicus Moquin Tandon, Cochlodina kuesteri (Rossmássler), Polloneriella contermina (Shuttle- 
worth) and Hypnophila dohrni (Paulucci). First, it is necessary to say that if it is possible to 
postulate that Limax corsicus Moquin Tandon, and perhaps even Cochlodina kuesteri (Ross- 
mássler), reached the Tuscan Archipelago in the Quaternary through a Corso-Tuscan “bridge” 
(they are in fact rather motile), this is impossible for Hypnophila dohrni (Paulucci), which is a 
small, fairly calciophilous and hydrophilous land species with a fragile shell. As these 
characteristics make this species unfit for passive transportation, | dare say it reached the 
Tuscan Archipelago from Sardinia or Corsica in very ancient times, before Hypnophila гету! 
(Boettger) appeared in Corsica (the genus Hypnophila is absent in the Italian peninsula, but well 
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represented in the Pyrenees and Maghreb). Sardo-Corso-Tuscan Archipelago connections dating 
from before the Pleistocene are evidenced by other taxa too, e.g., the genus Tacheocampylaea 
which is now living with single different species in Sardinia, Corse and Capraia, and is present 
with a Quaternary fossil species on the island of Pianosa (Tuscan Archipelago) (fossil forms 
closely related to them are found in southern France). 


Endemic species 


Last of all come the extraordinarily abundant endemic entities, 24 in all. Three of these 
seem to be present also in Corsica, while the other 21 are restricted to Sardinia. Of these 21 
species, some belong to genera actually living in Corsica with a different species, but most are 
isolated endemics, as for example, Deroceras sardoum (Simroth), Deroceras dallaii Giusti, 
Cochlostoma sardoum (Westerlund), /chnusarion isselii (Lessona € Pollonera), Vitrea (s.str.) 
petricola (Paulucci) and Phenacolimax pollonerianus (Fra Piero). 


Conclusions 


All of the information collected about the species examined during my research, and 
particularly about the endemic species which show striking affinities with European, west- 
European and (in particular) west-Mediterranean forms, stands to show once more that the 
original Sardo-Corsican malacofauna is of European stock (west-European in particular), and 
offers good opportunities for the confirmation of the theory on the existence of pre-Miocene 
contacts between the Sardo-Corsican complex and Provence. 

The presence in Sardinia of a large number of endemic species which are not present in Corse 
proves that Sardinia and Corse became separate islands in very remote times and that, even if 
they were united again during the post-Pliocene (San Prestiano), it was only for a very short 
period (Jeannel, 1961). 
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MALACOLOGIA, 1977, 16(1): 131 
PROC. FIFTH EUROP. MALAC. CONGR. 
THE GENUS BYTHINELLA IN ITALY (PROSOBRANCHIA, HYDROBIOIDEA) 
Folco Giusti and Enrico Pezzoli 


Istituto di Zoologia, via Mattioli 4, Siena, Italia 


ABSTRACT 


There is still much confusion, as we have pointed out several times, in the systematic classification of the 
small prosobranchs ascribed to the superfamily Hydrobioidea (Radoman, 1973), a confusion very likely due 
to the extreme variability in the shape of their shell as a consequence of their wide geographical distribution, 
to their subdivision into many smaller populations and also to the fact that frequent exchanges with other 
biotopes lying, perhaps, only a few hundred meters distance is almost impossible. 

Being unwilling to go оп citing Bythinella prope opaca (Von Frauenfeld) for the Italian Bythinella of the 
Appennines and Bythinella prope schmidtii (Küster) for those of the Alps and Pre-Alps, following the 
example of Boeters (1973) and Jungbluth (1971), who started investigations into French and German 
Bythinella, we have started revising the Italian forms with the simultaneous evaluation of anatomical 
characters, radula and shell morphology. 

The results obtained are certainly not definitive, but are, in general, of great interest. We think that the 5 
species of Bythinella which Alzona €: Alzona Bisacchi (1939) ascribed to the Italian malacofauna, В. /igurica 
(Paladilhe), В. gaudefroyi (Mabille), В. schmidtii (Küster), В. opaca (Von Frauenfeld) with the subspecies 
etrusca Paladilhe, and В. doderleini (Benoit) belong to 1 and the same taxon. 

A study of the genital tract, radula and the variability of the shell of populations corresponding to these 
species has demonstrated that there is no particular difference between them. Furthermore, in 1 single 
population we have often found all the different types of genital tracts described by Boeters (1973) and 
Jungbluth (1971) as belonging to 6 different French and German species. So we are of the opinion that there 
is but 1 common western centro-European group, which might be styled as a “super-species”” comprising 
several subspecies, some apparently new and others corresponding to the most characteristic species extant. A 
few other good species probably exist, but, before affirming this, accurate investigations must be made into 
as many populations as possible in order to define their variability and real limits. 

It is practically impossible to establish at this time a correct naming for the so-called "'super-species.'’ In 
fact, first it is necessary to determine the relations between Bythinella schmidtii (Küster), to which all the 
Italian populations may be referred, and other Bythinella, e.g., B. viridis (Poiret), which is the first species 
described. 
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LA SYSTÉMATIQUE DES UROCYCLINAE 
(MOLLUSCA, PULMONATA, UROCYCLIDAE) 


Jackie L. Van Goethem 


Section des Invertebres Recents, Institut royal des Sciences 
naturelles de Belgique, B-1040 Bruxelles, Belgique 


ABSTRACT 


Morphological characters having systematic importance in the urocyclid slugs, hitherto 
classified in the subfamily ‘‘Urocyclinae,’’ are discussed. These slugs show a considerable 
diversity in the accessory organs of the genitalia, yet the basic structure of the 
reproductive organs of all the genera belonging to the “Urocyclinae” is very uniform. 
Therefore, they are considered here to belong to 1 family (except perhaps the genus 
Comorina Simroth). However, | found 2 structures which can be considered rather 
fundamental because of their connection with the formation of the spermatophore: 


—epiphallus with a flagellum and a caecum, and 
—epiphallus:with a bursa calcifera and a caecum. 


The bursa calcifera must be considered as resulting from the differentiation of the 
proximal region of the flagellum whereas the rest of it has disappeared. 

A subdivision in subfamilies could be based on the presence of a flagellum or of an 
individual bursa calcifera. 

As regards the formation and expulsion of the spermatophore, some new ideas are put 
forward as to the functional significance of the epiphallus and ¡ts annexes. 


INTRODUCTION 


Les Urocyclidae limaciformes groupés jusqu'à present dans la sous-famille des ““Urocyclinae”” 
ont fait l'objet d'une étude détaillée. 

Les espèces se recontrent en Afrique, au Sud du Sahara (+ 12° N), y compris Madagascar, les 
Comores et les îles du golfe de Guinée. 

Cette étude n'aurait pas été possible sans un matériel numériquement tres important, 
couvrant une large répartition géographique. Le total des spécimens à ma disposition s'élève a 
+ 5,600. Environ 2,500 spécimens ont été disséqués. 


TERMINOLOGIE 


Caractère apomorphe: caractère “nouveau,” acquis au cours de l’évolution, généralement par la 
modification d'un ou plusieurs caractères plesiomorphes. Il correspond a un caractere “derive,” 


“evolue” ou “specialise.”” 


Caractère plesiomorphe: caractère originel, déjà present chez les ancêtres et (tres) peu ou pas 
modifié au cours de l'évolution. Un caractère plesiomorphe correspond a un caractere 
“ancestral,” ““primitif” ou “originel.”” 


Distal: ce qui est plus éloigné de l'orifice genital (р. ex. le flagellum se trouve distalement par 
rapport au caecum, Fig. 1). 


Proximal: ce qui est plus proche de l'orifice génital (р. ex. l'épiphallus 2 se trouve 
proximalement par rapport au caecum, Fig. 1). 


CARACTERES MORPHOLOGIQUES IMPORTANTS POUR LA SYSTEMATIQUE 


1. Caracteres externes. Animaux limaciformes de taille variable (vivant: 20-165 mm) avec ou 
sans carene dorsale sur la queue. Cette derniere avec, a son extremité posterieure, une glande 
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caudale nettement developpee (le plus souvent surmontée d'un petit appendice). Orifice génital 
un peu en arriere du tentacule inferieur droit, juste au-dessus de la sole pédieuse. Celle-ci 
toujours tripartite; separee du reste du cephalopodium par un sillon peripedieux. Tegument de 
la queue granulé ou presentant des sillons longitudinaux et parfois un sillon supra-peripedieux. 
Pneumostome а droite, en arriere du milieu du manteau. Ce dernier comporte deux types 
principaux: 

—le manteau possede a l'arriere deux lobes partiellement soudes au céphalopodium, laissant a 
decouvert une partie plus ou moins importante de la limacelle. Ce type bilobe existe chez les 
genres Aspidelus, Rhopalogonium, Tresia, Estria et Aspidotomium. 

—le manteau est entièrement soudé au cephalopodium et recouvre complètement la limacelle 
a l'exception d'un petit orifice en forme de fente, situé a l'arriere du manteau. Ce type existe 
chez tous les autres genres etudies. La coloration est tres variee: du creme au brunátre, marbré 
ou tachete de teintes sombres, ou bien des bandes ou des stries longitudinales, des taches ou des 
points, ou une combinaison de bandes et de taches. 


2. Limacelle. La limacelle est tres réduite. On peut distinguer deux types: 

—plus ou moins spirale: + % a 1% de tour; protoconque situee a droite; 

—non spirale; onguiforme, a symétrie plus ou moins bilaterale; protoconque petite, mediane, 
ovalaire ou circulaire. Le premier type se recontre chez tous les genres ayant les lobes 
posterieurs du manteau non soudes; le deuxieme, chez tous les autres genres. 


3. Máchoire. La mâchoire est oxygnathe, plus ou moins courbée aussi bien vers le dessous 
que vers l'arriere. Le ‘bord inférieur presente generalement une saillie médiane. Dans le genre 
Dendrolimax, la máchoire est un peu differente: la saillie mediane manque. Vue ventralement, 
la máchoire est presque rectiligne. 


4. Radule. La radule presente de nombreuses dents disposees en rangées longitudinales et 
transversales. La dent médiane et au moins les premières latérales sont toujours tricuspides. Les 
dents marginales, generalement plus allongees que les laterales, sont tri-, bi- ou unicuspides. 
Cependant, dans le genre Dendrolimax les dents sont tres uniformes et il y a un nombre tres 
eleve de dents par rangee transversale. 

La radule des exemplaires tres jeunes differe fortement de celle des adultes. 


5. Organes palleaux. On peut distinguer deux types: 

—les uretères primaire et secondaire, parallèles, se trouvent en diagonale dans la cavité 
pulmonaire; le coeur est disposé obliquement; 

—les uretères primaire et secondaire sont coudes vers l'arrière: le coeur est disposé 
transversalement. 

Le premier type se rencontre chez les genres à protoconque spiralée; le deuxième chez tous 
les autres genres. 

Dans certains genres, la vascularisation du plafond de la cavité pulmonaire s'étend aussi sur le 
diaphragme, une partie du péricarde, des ureteres et du rectum. Chez deux genres (Nupnus, 
Pseudatoxon), l'aorte ne bifurque pas des sa sortie du ventricule (et sa perforation du 
diaphragme). Elle montre un tronc simple de 3 a 4 mm de longueur. 


6. Appareil génital. L'appareil génital de tous les genres étudiés est tres uniforme, ce qui me 
permet de croire que les genres classes jusqu’a present dans les ‘‘Urocyclinae’’ appartiennent а 
une méme famille (a l'exception peut-étre du genre Comorina Simroth). Toutefois il existe 
deux structures différentes que je considere comme assez fondamentales car elles sont en 
rapport avec la formation du spermatophore: 

—épiphallus avec un flagellum et un caecum (Fig. 1); 

—epiphallus avec une bourse calcifére et un caecum (Fig. 2). 

Il existe une diversité considérable en ce qui concerne les organes génitaux proximaux. 

Le pénis, limité par l'insertion de son muscle rétracteur et par l’atrium génital, se présente 
parfois comme un tube simple entouré par une gaine souvent mince (Estria, . .). Le plus souvent 
le tube pénien montre une papille simple (Atoxon, Bukobia) ou une papille à double paroi 
(Upembella, ..). Le fourreau pénien peut être double (Upembella, Dendrolimax), ainsi que la 
papille penienne (Dendrolimax). Dans un seul genre (Phaneroporus) le penis presente un stylet. 
Chez deux genres, Rhopalogonium et Buettneria, il existe un sarcobelum: un organe 
stimulateur, fortement musculaire, avec une cavite axiale tres étroite, debouchant au sommet 
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d'une papille, pres de la base pénienne dans l'atrium génital. Le vagin, parfois absent 
(Leptichnus), peut étre court ou assez long, aux parois minces ou fortement musculeuses. Dans 
le genre Upembella, sa portion distale est fortement dilatée et contient deux paires de papilles 
charnues. L'atrium génital montre souvent des organes accessoires, permettant la distinction de 
genres. Sous sa forme la plus simple, un organe accessoire constitue une poche, faisant saillie 
dans la cavite viscerale et reliee а la paroi interne du corps par quelques muscles retracteurs: 
diverticule atrial (Bukobia, Nupnus, Elisolimax). Un autre organe accessoire, d'une organisation 
plus complexe, est le sac du dard ou stylophore, contenant un ou plusieurs dards calcaires. Dans 
le genre Trichotoxon, l'atrium genital est fortement developpe et allongé. Deux sacs du dard 
contenant chacun une paire de dards allonges sont soudés а sa paroi interne. Chez les autres 
genres, les dards se trouvent dans une masse musculaire compacte. D'apres l'ontogénese, je crois 
pouvoir conclure que cette masse derive d'un fort developpement du plancher de l'atrium 
genital. 

Chez le genre Polytoxon, il existe generalement 14-24 dards longs et legerement courbes. 
Chez le genre Anisotoxon, j'en ai compté plus de 70. Un de ces dards est tres épais, tous les 
autres sont extrémement gréles. Le sac du dard du genre Anisotoxon possede de nombreux 
muscles retracteurs, le reliant a la paroi interne du corps. 

Chez le genre Urocyclus, il n'existe qu’un seul dard calcaire, enroule helicoidalement; 
proximalement, ce dard est enveloppe par deux papilles: une papille interne et une papille 
externe. 


7. Spermatophore. On peut distinguer deux types: 

—le spermatophore presente un coude tres net en forme de U. Devant le coude, il est plus ou 
moins fusiforme, courbé ou enroulé. Derrière le coude, il est filiforme (Fig. 1, schématique); 

—le spermatophore ne presente pas de coude; la moitié apicale subcylindrique devient 
graduellement filiforme. Le spermatophore est епгоше helicoidalement (Fig. 2, schematique). Le 
premier type se rencontre chez les espèces ayant un épiphallus avec un flagellum et un caecum; 
le deuxième type chez les espèces ayant un épiphallus avec une bourse copulatrice et un 
caecum. Le spermatophore possède une extrémité terminale qui est toujours perforee et une 
extrémité apicale fermée (sauf chez le genre Leptichnus ou le ““sommet” est également perforé). 
Le spermatophore presente une tres grande diversite en ce qui concerne la forme, les dimensions 
et les ornementations (rebords simples, denticulés ou serrulés; denticules; tubercules; épines 
simples ou bifurquees; processus ramifies; digitations). 


FORMATION ET EXPULSION DU SPERMATOPHORE 


1. Le spermatophore coude (Fig. 1, schématique). La partie filiforme est formee dans le 
flagellum, la tige axiale de ce dernier déterminant vraisemblablement l'importance du lumen du 
spermatophore. Le coude se trouve а peu près au niveau de l'embouchure du canal deferent. La 
partie subcylindrique est formée dans l'épiphallus 1 ou dans sa region distale. Il est a noter que 
l'extrémité apicale du spermatophore se trouve dans l'épiphallus le plus proche de l'orifice 
genital. Cependant, le spermatophore est expulse avec le coude en avant. A mon avis, cela n’est 
possible que lorsque la partie subcylindrique se place d’abord dans le caecum. A ce moment, le 
coude arrive a l'embouchure du caecum; il occupera plus tard la position la plus proximale. 

Ces conclusions resultent des observations et des faits suivants: 

—des spermatophores en formation et formés, se trouvent dans le flagellum et l’epiphallus 1; 

—la paroi du flagellum montre des lacunes dont le volume et la forme conditionnent les 
ornementations de la partie filiforme du spermatophore; 

—dans le materiel bien conserve, le flagellum forme toujours un coude tres net avec la base 
de l'épiphallus 1; en outre, ce flagellum s’enroule helicoidalement en accord avec les 
circonvolutions de la partie filiforme du spermatophore; 

—de nombreux specimens possedent dans leur épiphallus 2 et/ou dans leur penis un 
spermatophore dont le coude se trouve le plus proximalement; 

—dans la bourse copulatrice, les spermatophores se situent toujours avec leur coude oriente le 
plus distalement, souvent 3 ou 4 spermatophores dans une bourse. 


2. Le spermatophore non-coude (Fig. 2, schematique). Ce type de spermatophore est forme 
dans l'épiphallus 1, avec l'extrémité apicale dirigée distalement et localisée au niveau de la 
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FIG. 1. Schéma de l'épiphallus avec ses annexes (flagellum et caecum) et avec le spermatophore a sa place de 
formation. 

FIG. 2. Schéma de l'épiphallus avec ses annexes (bourse calicifére et caecum) et avec le spermatophore a sa 
place de formation. bea: bursa calcifera; ca: caecum; ep 1,2: epiphallus 1,2; fl: flagellum; pe: penis; rp: retractor 
penis; sp: spermatophore; vd: vas deferens. 


bourse calcifere. Avant d'étre expulse, le spermatophore monte dans le caecum, ensuite il est 
expulsé via l’epiphallus 2 et le penis (l’extremite apicale dirigee vers l’orifice genital). 

Ces conclusions se basent sur les observations et les faits suivants: 

—des spermatophores formés, ou en cours de formation, situés dans l’épiphallus 1, dont 
l'extrémité apicale est dirigée distalement; 

—la paroi interne de la région proximale de l'épiphallus 1 montre des lacunes correspondant 
aux rebords dentés du spermatophore; 

—dans le materiel bien conserve, le nombre des circonvolutions de l'epiphallus 1 concorde 
avec celui du spermatophore; 

—de nombreux spécimens possedent dans leur épiphallus 2 et/ou dans leur penis, un 
spermatophore dont l'extremité apicale se trouve le plus proximalement; 

—dans la bourse copulatrice, les spermatophores se situent toujours avec leur extremité 
apicale orientee le plus distalement. 


CONSIDERATIONS SUR LA PHYLOGENIE DES “UROCYCLINAE” 


L'évolution vers le type limaciforme chez les Urocyclidae s'exprime par l'acquisition d'un 
certain nombre de caracteres externes et internes: caracteres apomorphes. 
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Caracteres externes: La coquille se reduit, de sorte que l'animal ne peut plus s'y retracter. Le 
dernier tour devient tres grand par rapport aux précédents. II se forme deux lobes postérieurs 
du manteau, qui recouvrent de plus en plus la coquille, et finalement peuvent se souder en 
arriere avec le cephalopodium. Enfin la coquille devient interne, non spirale mais а зутеше 
bilaterale. II reste généralement ип роге du manteau (ou orifice de la poche coquilliere) pres du 
bord posterieur du manteau. La queue s'allonge et s’elargit. 


Caracteres internes: La reduction de la coquille provoque une diminution de l'espace disponible 
pour les organes visceraux. La queue se creuse, de sorte que les visceres peuvent y penetrer. La 
cavite pulmonaire se raccourcit et les organes palléaux montrent une autre disposition. Le 
muscle columellaire ne s'insere plus a la limacelle, mais а la paroi interne du bord posterieur du 
manteau. Les modifications concernant les genitalia sont discutees plus loin. La presence de 
dents marginales unicuspides et tres allongees (en forme de poignard) me parait étre un 
caractere apomorphe. 

Chez les formes plesiomorphes, le deplacement vers la queue des organes se trouvant dans la 
coquille, se fait apparemment par étapes: d’abord une partie de la glande digestive, ensuite une 
partie des voies digestives et en dernier lieu, l'ovotestis. Chez divers genres, ces étapes sont 
encore conservees. Certains genres presentent une combinaison de caracteres plesiomorphes et 
apomorphes. 

J'ai deja mentionné les deux structures de l’appareil génital que je considere comme assez 
fondamentales, car elles sont en rapport avec la formation du spermatophore: l’épiphallus avec 
un flagellum et un caecum ou l'epiphallus avec une bourse calcifère et un caecum. 

La bourse calcifere doit étre consideree comme le resultat de la différenciation d'une partie 
des tissus proximaux du flagellum, tandis que le reste de ce dernier a disparu. La présence d’une 
bourse calcifere est donc un caractere apomorphe. 

Ces structures différentes ont une répercussion importante sur la forme du spermatophore. 
La disparition du flagellum a pour conséquence que le spermatophore ne présente pas de coude, 
et qu'il est exclusivement formé dans l'épiphallus 1. 

|| est remarquable que l'extrémité apicale (fermée) et l'extrémité terminale (perforée) du 
spermatophore sont interchangées dans les deux types (Figs. 1,2): type 1, l'extremité fermee 
dirigée vers l’orifice génital, type 2, l'extremite fermée dirigée vers le spermoviducte. 

Si la structure “Fig. 2” s'est constituée a partir de l'agencement Fig. 1, il faut que deux 
conditions principales soient accomplies chez le spermatophore: 

—apres la perte du flagellum, la partie filiforme disparait et la paroi du spermatophore se 
ferme pres du coude en une extrémité apicale secondaire (cette condition n'offre, а mon avis, 
pas de difficultes); 

—la region apicale du spermatophore coude (type plesiomorphe) s'allonge et se transforme en 
une partie filiforme secondaire avec l’extremite perforee. 

Cette deuxieme condition pourrait aussi étre remplie puisque j'ai fait les observations 
suivantes: 

—le spermatophore coudé de certaines espéces présente une extremite apicale allongée et 
effilee (Estria partim, Dendrolimax); 

—l'extremité apicale chez Leptichnus fischeri est perforee, probablement aussi chez L. 
bernardi; 

—la region apicale du spermatophore du genre Leptichnus presente quelques (3-4) rebords 
aigus et eleves, de sorte que la partie fusiforme ou anterieure de ce spermatophore ressemble 
nettement a un spermatophore entier du genre Atoxon ou Bukobia. 

Je crois pouvoir conclure qu'il est possible (peut-étre méme probable) que: 

—le spermatophore non coudé s’est développé à partir d'un spermatophore coude; 

—les conditions suivantes ont ete requises: allongement de la partie apicale du spermatophore 
coude; perforation de cette derniere; formation d'ornementations (rebords) sur cette partie; 
disparition de la partie filiforme du spermatophore coude (occasionnée par la perte du 
flagellum); conservation de la bourse calcifere. 
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Je crois que les “Urocyclinae” comme ils étaient considérés, ne forment pas un groupe 
monophylétique, ni d'ailleurs les '“Trochozonitinae.” Une subdivision en sous-familles pourrait 
se baser sur la presence d'un flagellum ou d'une bourse calcifere individualisee. 

Comme groupe, tous les genres qui possedent cette bourse calcifere forment un ensemble 
monophylétique auquel j’attribue provisoirement le niveau de tribu. Ce groupe montre la 
plupart des caracteres apomorphes communs (synapomorphie). Les autres genres montrent un 
nombre plus au moins élevé de caracteres plesiomorphes (en combinaison avec des apomorphes) 
et sont vraisemblablement le résultat d'une serie de lignees plus ou moins indépendantes 
provenant de quelques ancétres lointains. 
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RESUME 


Les caracteres morphologiques, importants pour la systématique des Urocyclidae 
limaciformes (groupés jusqu’à présent dans la sous-famille des ‘‘Urocyclinae’’) sont 
discutés. Ces limaces montrent une diversité considérable en ce qui concerne les organes 
accessoires de leur appareil génital. Par contre, l’organisation fondamentale des génitalia 
des genres appartenant aux ‘’Urocyclinae”’ est très uniforme ce qui permet de croire que 
tous ces genres appartiennent à une même famille (à l'exception peut-être du genre 
Comorina Simroth). Toutefois, il existe deux structures différentes que je considère 
comme assez fondamentales, car elles sont en rapport avec la formation du sperma- 
tophore: 


—épiphallus avec un flagellum et un caecum, 
—épiphallus avec une bourse calcifère et un caecum. 


La bourse calcifére doit étre considérée comme le résultat de la différenciation d'une 
partie des tissus proximaux du flagellum tandis que le reste de ce dernier a disparu. 

Une subdivision en sous-familles pourrait se baser sur la présence d'un flagellum ou 
d'une bourse calcifére individualisée. 

Quant á la formation et a l'expulsion du spermatophore, quelques idées nouvelles sont 
présentées au sujet de la signification fonctionelle de l’&piphallus et de ses annexes. 
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THE SYSTEMATIC POSITION OF GOCEA OHRIDANA! 


$. Hadzisce*, J. В. Burchf and С. M. Patterson** 


*Hydrobiological Institute, Ohrid, Yugoslavia 


and 
ÎThe Australian Museum, Sydney, Australia 
and 
**Museum of Zoology, The University of Michigan, Ann Arbor, Michigan 48109, U.S.A. 


ABSTRACT 


Gocea ohridana Hadzisce is a tiny operculated prosobranch gastropod from the sublacustrine interlithon of 
ancient Lake Ohrid in Yugoslavia. It has a peculiar shell which is partially uncoiled, i.e., the whorls after the 
first are not peripherally attached. In this respect М resembles some specimens of several members of the 
mesogastropod family Valvatidae, e.g., Va/vata sincera ontariensis Baker of Canada and V. baicalensis 
Gertsfeld of Lake Baikal, Siberia. 

Gocea ohridana was originally placed in the rissoacean family Hydrobiidae, principally because of its 
radular characters. However, recently it has been stated that it is instead a valvatid. Since the Valvatidae are 
well-characterized by their striate embryonic shell sculpture (e.g., see Binder, 1967, Archiv für Mollusken- 
kunde, 96: 21-24), we were interested in comparing this character in Gocea, using the scanning electron 
microscope. 

The embryonic shell sculpture of Gocea consists of many closely spaced small pits, while the Va/vata 
species (both Recent and fossil and from 2 continents) with which we compared it have prominent parallel 
spiral striae. The surface sculpturing of the embryonic shell in the Valvatidae seems to be a constant and 
conservative character. Because of the basic difference in the embryonic whorls of G. ohridana, it seems 
unlikely that Gocea is a member of the Valvatidae. The apical microsculpture of Gocea is very similar to that 
of at least 1 other hydrobiid species of Lake Ohrid, Ohridohoratia pygmaea, as well as to that of several other 
mesogastropods in different superfamilies (see Robertson, 1971, The Veliger, 14: 1-12). 

Additionally, Gocea ohridana has a higher chromosome number (n = ca. 17, more characteristic of the 
Hydrobiidae) than that reported for the Valvatidae (n = 10) (see Patterson, 1969, Proc. Symp. Moll., Mar. 
biol. Assoc. India, (2): 635-686), and the gill structure of G. ohridana does not agree with what is known for 
the Valvatidae. 


TSupported (in part) by a grant from the Foreign Currency Program, Office of International Activities, 
Smithsonian Institution, Washington, D.C. This study has been published in greater detail in Ma/acological 
Review, 1976, 9: 1-14. 
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EUROPEAN INVERTEBRATE SURVEY—PROGRESS REPORT 1971-74 


J. Heath 


Biological Records Centre, Institute of Terrestrial Ecology, Monks Wood 
Experimental Station, Abbots Ripton, Huntingdon, England 


The procedures used by the European Invertebrate Survey were detailed at the 4th 
European Malacological Congress in Geneva in 1971 (Heath, 1973). Since that date the 
organisation has been formalised and a provisional constitution was adopted at the First 
International Symposium held at Saarbrücken in June 1972. This meeting was attended by 57 
persons representing 9 countries from whom a committee of 10 delegates representing the 9 
countries was elected. A 2nd International Symposium was held at Monks Wood Experimental 
Station, Huntingdon in August 1973, attended by 62 persons representing 12 countries. The 
UME committee to map the non-marine molluscs met during this symposium. At this meeting 
the constitution was formally adopted and the committee enlarged to 16 members representing 
12 countries. Professor Jean Leclerq (Belgium) was appointed Chairman, Alfred Mousset 
(Luxembourg), Treasurer, and John Heath, Secretary-General; since that date the committee has 
been expanded by co-option and now consists of 26 members representing 19 countries. 
Countries not yet represented are Albania, Bulgaria, German Democratic Republic, Iceland, 
Portugal, Spain and Turkey. Most of these will, it is hoped, be represented within the next 
year. 

Thus, the European Invertebrate Survey has progressed rapidly from being a project to 
becoming an international scientific organisation. Affiliation to IUBS has been sought and 
confirmation of recognition is awaited. 

The secretariat, at Monks Wood Experimental Station, has arranged for the production of 
the instruction booklet in German and Norwegian as well as in English. Base maps for most 
countries at a scale of 1:1,000,000 have been produced, a computor programme to convert 
longitude/latitude co-ordinates to UTM grid references has been written and record cards 
prepared and printed. Also, an abstract of the Geo-code giving the codes for the provinces of 
the countries of the Western Palaearctic region has been prepared. This provides a 4 letter code 
which enables all data from a province to be abstracted mechanically at the same time as giving 
uniqueness to the UTM grid 100 km squares. These are al! available on application to the 
Secretariat. 

Schemes affiliated to the European Invertebrate Survey are the UME project for mapping the 
non-marine Mollusca of Europe, the /nternational scheme to map the Odonata of Europe and 
the European plant-nematode atlas project. The organisers of these are represented on the ElS 
committee. Observers from the Committee to map the flora of Europe and the European 
Ornithological Atlas project attend EIS meetings and EIS sends observers to their meetings. 
Thus, biological recording in Europe is already being co-ordinated. 

Maps for all Europe are being prepared for 12 species of Lepidoptera and 12 species of 
Hymenoptera, for which a special pilot project is operating, for several species of plant 
nematodes, as well as for the 4 species being mapped by UME. It is hoped that the first maps 
will be available by September 1975. 

National centres have been set up in 11 countries and national maps of 1055 species 
produced for Belgium, 250 for U.K., 100 for Germany (BRD), 437 for Luxembourg, 269 for 
France and 50 for Rumania—a total of 2161. 
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ZUR ARTABGRENZUNG ВЕ! BYTHINELLA DUNKER/ UND 
BAVARICA (PROSOBRANCHIA) 


Jurgen H. Jungblutht and Hans D. Boeters* 


1 Zoologisches Institut I, 69 Heidelberg, Deutschland 
and 
“Rumfordstr. 40, 8 München 5, Deutschland 


Die auf der Conchospezies basierende Systematik innerhalb der Gattung Bythinella 
veranlaßte Jungbluth (1971) und Boeters (1973) zur intensiveren Untersuchung verschiedener 
Taxa unter besonderer Berücksichtigung der Frage nach den Differenzierungskriterien. Im 
folgenden wird die Prüfung des Wertes morphologischer, conchologischer und geographischer 
Befunde anhand des Artvergleichs B. dunkeri und B. bavarica fortgesetzt. 


Bythinella dunkeri dunkeri (Frauenfeld 1856) 


1856 Paludinella dunkeri Frauenfeld, S.-B. Akad. Wiss. Wien, 22: 575-576, taf. fig. 5 (Boeters 
diskutiert 1968: 762 als Publikationsjahr 1857) 
1971 Bythinella dunkeri dunkeri (Frauenfeld 1856), Jungbluth, Arch. Molluskenk., 101: 215-235 


Typus-Material: Naturhist. Mus. Wien, leg. A. Schmidt fide Frauenfeld (1856) 
Locus typicus: Elberfeld in Westfalen (Nordwestdeutschland) 


Bythinella bavarica Clessin 1877 


1877 Bythinella schmidtii (Küster 1852) sensu Clessin und Bythinella schmidtii bavarica Clessin, Dt. 
Exkursions-Moll.-Fauna, 1 Aufl., (3): 331-332 
1890 Bythinella alta Clessin Moll.fauna Österreich-Ungarns, Schweiz, (5): 647-649 


Typus-Material: Naturhist. Mus. Wien, coll. $. Clessin (No. 22 394 ‘’Zirl, No. 47 623 
“Munchen”) (Syntypen?) Originalfundgegend: Bayern und Böhmen 

Bemerkungen: Uber die Identität und Nomenklatur von Bythinella dunkeri dunkeri bestehen 
keine Zweifel; B. compressa ist als Unterart innerhalb des Rassenkreises dunkeri anzusehen, 
wobei compressa den östlichen Flügel des Areals besiedelt (Jungbluth, 1971, 1972). 

Clessin hat 1877 die südostdeutsche Bythinella als schmidtii bezeichnet und die Subspezies 
bavarica beschrieben. 1890 erkannte er, daß diese Bythinella nicht mit schmidtii identisch ist; er 
gab ihr den Namen a/ta, wobei er bavarica weiterhin als Subspezies führte. Nomenklatorisch hat 
jedoch bavarica die Priorität (IRZN Art. 23). Bythinella bavarica ist weder ein nomen nudum 
(IRZN, 2 Aufl.: 78) noch ein nomen oblitum (IRZN Art. 23 (b) (ii), vgl. z.B. Jaeckel, 1962: 
46). Die subspezifische Selbständigkeit von a/ta ist zweifelhaft, da Clessin 1877 bavarica 
offensichtlich nicht als geographische Unterart verstanden wissen wollte, wenn er sowohl für 
schmidtii als auch für bavarica ein Vorkommen in Bayern angibt (”... т den bayerischen 
Alpen, und im tertiären Vorlande derselben, bis Scheuring am Lech, Mindelheim (Bayern) 
und... ; die Varietät in Bayern und Bohmen.”’). Zum gleichen Ergebnis kommt man durch die 
Angaben der a/ta-Beschreibung (“In Nordtirol, wahrscheinlich auch in...” für a/ta und “In 
Nordtirol” für bavarica). 


Artvergleich 


Radula: Die Radula von dunkeri ist mehrfach in der Literatur abgebildet worden (Simroth, 
1891; Bregenzer, 1915; Jungbluth, 1971), wahrend die von bavarica noch nicht untersucht 
wurde. Die Untersuchungen mit dem SEM (Tabelle 1) ergaben deutliche Unterschiede zwischen 
beiden Arten. Die Radula von bavarica, die auch eine größere Gehäusehöhe erreicht, ist gegen- 
über dunkeri länger und breiter und weist einen groberen Dentikelbesatz auf, wobei die Anzahl 
der Zähne geringer als bei dunkeri ist. 
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TABELLE 1. Radula—Vergleich. 


Bythinella d. dunkeri Bythinella bavarica 
(nach REM-Untersuchungen) (nach REM-Untersuchungen) 

Länge 0.68-0.88 mm 1.05-1.30 mm 
Breite 0.05-0.075 mm 0.10-0.11 mm 
Anzahl der Querreihen 100-110 über 110 
Dentikelbesatz 

Rhachiszahn (R) 5+1+5 (4-5) + 1 + (4-5) 

Randleiste des Rhachiszahnes (RL) 2-3 + RL 2-3 + RL 

Lateralzahn (L) US 2 + 1 + (2-3) 

Innerer Marginalzahn (M 1) 23-25 ca. 20 

Außerer Marginalzahl (М 11) úber 25 ca. 25 


Genitaltrakt: Bei dunkerí wurden der w- und m-Genitaltrakt von Bregenzer (1915) und 
Jungbluth (1971) untersucht, von bavarica liegen keine Ergebnisse vor. Beide Arten zeigen bei 
der Ausbildung des m-Genitaltraktes Ubereinstimmung bis auf geringe GroBenunterschiede. Ве! 
den ww war eine Unterscheidung mit Hilfe der Bursa copulatrix, wie sie bereits von Boeters 
(1973) zur Artunterscheidung herangezogen worden war, möglich. Bythinella dunkeri: Der 
Pedunculus verläuft mit der Bursa parallel zum Darm, allerdings proximal. (Material: 
Quellzufluß östlich der Fulda westlich des Kühnsteines, Jungbluth, 1972: 239, und Quelle bei 
Flienken-Wehr am Schwarzwald-SudfuB, BOE 62; maximale Entfernung der Fundorte са. 
350 km). Bythinella bavarica: Der Pedunculus und die Bursa verlaufen parallel zum Darm, 
jedoch der Pedunculus proximal und die Bursa distal, wobei der Pedunculus und die Bursa ein 
“U” bilden. Das Ende der Bursa wird dabei oberhalb des Darmes sichtbar. (Material: mehrere 
Serien zwischen dem Würmtal im Westen, BOE 270, und dem Inntal im Osten, BOE 537; 
maximale Entfernung der Fundorte 75 km). 

Bei der Untersuchung von Topotypen von austriaca und cylindrica (BOE 82 bzw. 615) 
konnten für den w-Genitaltrakt gegenüber bavarica aus dem Raum zwischen Würm und Inn 
keine anatomischen Unterschiede festgestellt werden. Die Beurteilung von bavarica gegenüber 
austriaca und cylindrica muß daher weiteren Untersuchungen vorbehalten bleiben. 

Operculum: Im subgenerischen Bereich liefert das Operculum zweifellos keine Differenzie- 
rungskriterien, so daß es ohne Berücksichtigung bleibt. 

Gehäuse: Schon aus den Erstbeschreibungen (Tabelle 2) werden hier Unterschiede zwischen 
den beiden Arten deutlich. Den eigenen Untersuchungen liegt die Vermessung von 2000 
Gehäusen je Art zugrunde. Form und Größe ermöglichen in den meisten Fällen eine 
Unterscheidung beider Arten, die jedoch teilweise durch das Auftreten ausgesprochen dunkeri- 
former Gehäuse innerhalb von bavarica-Populationen erschwert wird. Weitere Hilfsmerkmale sind 
als biotopbedingt zu werten und möglicherweise bei beiden Arten zu erwarten: So hat Clessin 
(1877) bei bavarica durch Diatomeenaufwuchs bedingte Grünfärbung der Gehäuse beschrieben. 
Für dunkeri liegen in der Literatur keine Hinweise auf eine solche Färbung vor, dafür wurden 
Tiere mit dunkelbraun- bis schwarzgefärbten Gehäusen gefunden. Die Struktur des Aufwuchses 
im zuletzt genannten Fall konnte noch nicht völlig aufgeklärt werden, jedoch sind Diatomeen 
und Ciliaten beteiligt. 

Verbreitung: Beide Arten wurden sowohl aus Holocaen als auch aus Pleistocaen innerhalb 
ihrer rezenten Areale nachgewiesen. Aus der Abb. 1 ist das distinkte Areal der Arten ersichtlich, 
wie es sich aus Freilandaufsammlungen, Sammlungsbelegen der Museen und der Literatur ergibt. 
Bythinella dunkeri konzentriert sich auf die Gebirge beiderseits des Rheines, besiedelt jedoch 
nicht alle Gebirge; Odenwald und Taunus sind nicht besiedelt, die Ursachen hierfür sind noch 
nicht bekannt. Im Osten des Areals bildet B. d. compressa einen Flügel, der eventuell eine 
frühere Verbindung (über den isolierten Nachweis im Saaletal) zu östlichen Bythinella- 
Vorkommen dokumentiert. Die südlichsten Funde liegen am Vogensen- und am Schwarzwald- 
Südfuß. Wahrscheinlich bilden der Bodensee und andere geologische Ursachen den Grund für 
die verhältnismäßig große Fundlücke zwischen beiden Arealen. 

In Übereinstimmung mit unseren Vorstellungen über die Verbreitungsgeschichte der Gattung 
Bythinella stellen die Areale von bavarica, die das Gebiet der Donau und ihrer von Süden 
kommenden Nebenflüsse von Schwaben über Bayern nach Tirol besiedelt, und austriaca die 
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TABELLE 2. Gehäuse—Vergleich 


Bythinella dunkeri (Frauenfeld 1856) Bythinella bavarica (Clessin 1877) 


Erstbeschreibungen (in [ ] Angaben für schmidtii sensu Clessin = alta) 


Habitus abgestutzt, ziemlich gedrungen, anwachs- zylindrisch-kegelförmig, mit mehr verlän- 
streifig gertem Gewinde [als bei der stumpf zuge- 
spitzten schmidtii, festschalig, sehr fein 
gestreift] 
Umgänge 4, erster sehr wenig vorstehend, vierter 4-6 sehr gewölbte Umgänge, die sehr allmäh- 
groß, gewölbt lich zunehmen, der letzte nimmt kaum 1/3 
der ganzen Gehäuselänge ein 
Naht kaum eingezogen tief 
Mündung eiförmig, kaum gewinkelt, Rand scharf [weit, rundlich-eiförmig, etwas nach rechts 


gezogen, Mundsaum zusammenhängend, 
scharf, nicht erweitert, gegen den Spindel- 
rand schwach umgeschlagen] 


Spindelrand kaum anliegend, nach unten leicht ? 
umgebogen 
Nabel Nabelritze mittelmäßig, doch deutlich fein geritzt 
vertieft 
Farbe nicht sehr durchsichtig, olivengrün, [durchscheinend, hellgrün (siehe Text zu 
Mündung weißlich, Rand meist verdunkelt dieser Tabelle) oder glashell-weißlich] 
Deckel ? [dünn] 
Höhe, Breite 2.4 mm, 1.6mm 4.2 mm, 2 тт 
Eigene Werte 
Höhe (mm) Мах. 3.4 Min.2.0 Mittel 2.3 Мах. 4.7 Min.2.1 Mittel 3.2 
Breite (mm) Мах. 2.0 Min. 1.2 Mittel 1.5 Мах. 25 Min. 1.3 Mittel 2.0 
Geháuseindex (M) 1.6 1.6 
Múndung 
Höhe Мах. 1.4 Min.0.9 Mittel 1.1 Max.1.8 Min. 1.0 Mittel 1.4 
Breite Max. 1.1 Min. 0.7 Mittel 0.8 Мах. 1.6 Min. 0.8 Mittel 1.1 
Index (M) 1.3 1.3 


Verbindung zwischen den mittel- und westeuropäischen Arten der Gattung und denen auf dem 
Balkan dar. Inwieweit diese Tatsache insgesamt als postglaciale Arealverschiebung nach Südosten 
zu verstehen ist, kann erst durch weitere Untersuchungen an den dort vorkommenden Spezies 
(im Hinblick auf die Gattungszugehörigkeit) geklärt werden. 

Bemerkung zum bavarica-Areal: In der kartographischen Darstellung wurden (soweit 
ermittelt) sämtliche Fundorte von Bythinella nördlich des Hauptalpenkammes und westlich der 
Landesgrenze (BRD) erfaßt. Wegen der z.Z. noch nicht möglichen Beurteilung von bavarica 
gegenüber austriaca und cylindrica ist die Ostgrenze des bavarica-Areals noch unbekannt. Das 
dunkeri-Areal kann auf der Basis der UTM-Gitternetzkarte als erfaßt gelten. 


Ergebnis; Results 


Auf Grund conchologischer und morphologischer Ergebnisse (Radula, w-Genitaltrakt) können 
Bythinella dunkeri und bavarica voneinander unterschieden werden; ihre Areale sind durch den 
Bythinella- freien Raum um den Bodensee getrennt. Von dieser Tatsache bleibt das Verhältnis 
von bavarica zu austriaca und cylindrica zunächst unberührt. Weiterführende Aussagen über den 
postglacialen Ausbreitungsweg der Gattung sind noch nicht möglich. 

Im vorliegenden Fall hat sich der von Boeters (1973) diskutierte Weg als brauchbar gezeigt. 
Die definitive Festsetzung der Differenzierungskriterien wird erst nach weiteren Untersuchungen 
unter EinschluB der westeuropäischen sowie der Balkanarten möglich sein. Diese Unter- 
suchungen werden auch Aufschluß über den Ausbreitungsweg und das Arteninventar der 
Gattung geben. 

Based on conchological and morphological results (radula, female genital tract) it is possible 
to distinguish between Bythinella dunkeri and bavarica; their areas of distribution are separated 
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by the space which surrounds the Bodensee (Lake Constance) and is free of Bythinella. These 
facts, however, do not allow a statement concerning the relationships between bavarica and 
austriaca, and between these 2 and cy/indrica. Also, with respect to the postglacial dispersal of 
the genus, further statements are not yet possible. 

The way discussed by Boeters (1973) has proved useful for the case in question. The final 
fixation of criteria for differentiation will not be possible before further studies, which must 
include the species of western Europe and the Balkans. These studies will finally disclose the 
distribution and the number of species of the genus. 
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ABB. 1. Die Verbreitung von Bythinella dunkeri und bavarica in Deutschland. (U.T.M.—Gitternetzkarte: 
Abteilung für Biogeographie, Universität Saarbrücken). 
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ANGABEN ZUR ENTFALTUNG DER MITTELEUROPAISCHEN 
FLUVIATILEN MOLLUSKENFAUNA 


E. Krolopp 


Ungarische Geologische Anstalt, Budapest, Ungarn 


ZUSAMMENFASSUNG 


Am Ende des Pliozáns begann—parallel mit dem Zerfall der Ausfüllung und endlich 
Austrocknung des das Karpaten-Becken ausfüllenden brackischen Pannon-Sees—die 
Entfaltung des heutigen Wassersystems dieses Gebietes. 

Die während des älteren Abschnittes des Pleistozäns sich abgelagerte Schichtenfolge 
dieser Flussystems überragt im Gebiet der Grossen Ungarischen Tiefebene stellenweise die 
Mächtigkeit von 700 Meter. Die Bearbeitung des aus Tiefbohrungen zum Vorschein 
gekemmenen reichen pläontologischen Materiales liefert sowohl zur Kenntniss des 
AuftPetens des Artabstandes der heutigen Flusswasserfauna, als zu derjenige des 
Verschwindens einiger “exotischen'”” Elemente wertvolle zeitliche Daten. Der Vortrag 
versucht—in Kenntnis dieser Angaben-die Entfaltung und weitere Entwicklung der 
mitteleuropäischen Molluskenfauna in grossen Zügen darzustellen. 


Der Charakter der Fauna Mitteleuropas! wird von dem hier eine zentrale Stellung ein- 
nehmenden Karpatenbecken entscheidend determiniert. Dieses Gebiet spilte auch in der 
geologischen Vergangenheit hervorragende Rolle in der Entstehung der heutingen Fauna 
Mitteleuropas. Das im Karpatenbecken zentral gelegene Gebiet Ungarns erfährt in den 
faunengeschichtlichen Untersuchungen eine über die Landesgrenzen, ja sogar die Grenzen des 
Beckens reichende Bedeutung (Krolopp, 1969a). 

Wir kennen aus dem Gebiet Mitteleuropas eine grosse Zahl Land- und Süsswassermollusken- 
Faunen des ausgehenden Tertiars und Quartärs. Auf Grund dieser können bereits die grösseren 
Etappen der Faunenentfaltung des Gebietes festgesetzt werden. Bedeutend weniger Angaben 
stehen uns bezüglich der Entstehung der Fauna der fliessenden Gewässer zu Verfügung, obgleich 
die fluviatile Fauna weniger dem Einfluss der klimatischen Bedingungen ausgesetzt ist als die 
Fauna des Festlandes und der stehenden Gewässer. Deshalb liefern sie zur Rekonstruktion der 
paläogeographischen Beziehungen bzw. der letztere beeinflussenden orographischen Anderungen 
ungleich zuverlässlichere Angaben. 

Natürlich sind die Beziehungen zwischen der Entstehung der fluviatilen Fauna und des 
heutigen Flussnetzes in Mitteleuropa sehr eng. 

Das Karpatenbecken und die angrenzenden Gebiete (z.B., Wiener Becken, Grazer Bucht) 
waren zu Ende des Tertiärs, d.h. im Pliozan, durch einen flachen Brackwasser-See, dem 
Pannonischen See (Pannonisches Meer) überflutet. Von der Entstehung eines bedeutenderen 
Flussnetzes kann erst von der am Ende des Pliozäns stattgefundenen Auffüllung dieses 
Seebeckens, der Aufgliderung desselben auf kleinere Einzelseen, endlich mit dem endgültigem 
Schwund derjenigen gespochen werden. Aus Sedimenten des zu dieser Zeit entstandenen 
Wassernetzes sind uns bloss einige Faunen mit geringer Artenzahl bekannt geworden. Diesen 
Faunen setzen sich zum Teil aus Arten zusammen, die sich zum ausgesüssten Wasser des 
Pannonischen Sees angepasst haben und später von hier ins Flussnetz eingedrungen sind, ferner 
zum kleineren Teil aus solchen, die Vertreter der slawonischen, unter nicht geklärten Verhalt- 
nissen entstandenen sogenannten “‘levantinischen Fauna,” mit veziertschaligen Unionen, 
Viviparen, Melanopsen in je einem nach Norden vorgedrungenen Vertreter. Faunen ähnlicher 
Natur kennen wir ausser Jugoslawien noch aus dem Gebiet Rumeniens und der Sowjetunion, 
aber weiter nach Osten auch aus Zentral- und Ostasien, ja sogar aus Nordamerika. Eine weitere 
Frage ist aber, inwieweit diese Faunen—Hand in Hand mit denen noch eine Reihe tiergeograph- 


1 Unter Mitteleuropa wird hier immer der zentrale Teil Europas, nicht aber der vielerorts als Mitteleuropa 
bezeichnete Nord—Süd verlaufende Streifen Europas verstanden. 
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ischen und verwandschaftlichen Probleme offen stehen—geologisch als gleichzeitig betrachtet 
werden dürfen? 

Der Befund, dass die fluviatilen Sedimente des ausgehenden Pliozäns eine vornähmlich in 
Artenzahl, aber auch in Individuenzahl verarmte Fauna liefern, kann darauf verweisen, dass in 
dem dich rasch entfaltenden, neuen-ebendaher noch leeren—Biotop parallel mit dem Aussüssen, 
bzw. Austrocknen des Pannonischen Sees ohnedies in kritische Lage geratene Fauna nicht 
ausreichen konnte. Einzelne Arten, die im neu ausgebildeten Flussnetz aufgetaucht sind, sind 
innerhalb kurzer Zeit ausgestorben, so haben diese Faunen—wenigstens in Bezug auf das 
Karpatenbecken-keine Beziehungen zur heutigen Fauna; sie besteht aus ausgestorbenen Arten, 
nur eine einzige Form, die neuerlich in unsere Gebiete rückgewanderte Dreissena polymorpha 
bevölkert auch jetzt unser Gebiet. 

Die Flusswasserfauna, die als Vorläufer der heutigen Fauna betrachtet werden kann, ist auf 
unserem Gebiet am Beginn des Pleistozäns erschienen. Des Auftreten der neuen Fauna können 
wir mit klimatischen Umwälzungen und denjenigen tektonischen Bewegungen erklären, welche 
eine gesteigerte Aushebung der Gebirge und Hand in Hand mit diesen die Einsenkung der 
Beckengebiete verursachten. 

Im Gebiet des das Innere des Karpatenbeckens einnehmenden Alföld (Grosse Ungarische 
Tiefebene) ist—als Resultat einer stufenweisen Absenkung und mit dieser Schritt haltendem 
Sedimentationprozess—eine mehrere Hundert M. mächtige, ja stellenweise die 700 M. über- 
schreitende, grössenteils fluviatile Sedimentationsfolge feststellbar. Ahnliche, wenn auch 
bedeutend kleinere Machtigkeit erreichende Sedimente sind auch im Transdanubien anzutreffen. 

Aus dieser Ablagerungsserie forderten die Tiefbohrungen der letzten Jahre eine reiche 
Molluskenfauna zum Vorschein, deren Untersuchung für unsere Kenntnisse bezüglich der 
Entstehung der fluviatilen Fauna wichtige Daten liefern konnte (Kretzoi-Krolopp, 1973). 

Uberraschenderweise enthält die fluviatile Fauna des ungarischen Altpleistozäns fast 
ausnahmlos sämtliche bereits lebende Arten der Fauna unserer Flüsse. Sehen wir von den 
aufgrund fragmentärer Materialien nicht mit nötiger Sicherheit bestimmbaren Unioniden ab, so 
fehlt aus der Fauna bloss eine einzige Gattung, die auch sonst eine mehr westeuropäische 
Verbreitung aufweisende Margaritifera, wobei eben eine Art diese Gattung in den oberpliozänen 
Sedimenten unseres Gebietes die Rolle eines “Leitfossils’’ spielt. Von den Arten dagegen fehlt 
der ebenfalls ein hauptsächlich westliches Areal einnehmende Viviparus viviparus und 
Theodoxus fluviatilis, weiterhin die bereits erwähnte Wandermuschel, Dreissena polymorpha, ein 
holozäner Einwanderer. 

Neben dem fast lückenlosen Vorhandensein der Arten der heutigen fluviatilen Fauna ist der 
zweite bezeichnende Zug der altpleistozanen Fauna die verhaltnissmasig hohe Zahl der 
ausgestorbenen Formen. Von diesen sei hier neben Viviparus böckhi, Bithynia (Neumayria) 
crassitesta, Pisidium clessini, eine in die Verwandschaft der pliozänen Prososthenien gehörige 
Hydrobia-Art, weiterhin je eine noch nicht beschriebene Va/vata-, bzw. Bithynia-Art erwähnt, 
sowie die in Europa bereits ausgestorbene Corbicula fluminalis. Diese Arten machen etwa 1/3 
der fluviatilen Fauna im engere Sinne aus (Krolopp, 1973a,b). 

Im Augenblick wissen wir über den Ursprung dieser geologisch betrachtet plötzlich 
erschienenen und in kurzer Zeit ausgebreiteten Fauna noch ziemlich wenig. Anhand der aus der 
näheren Umgebung des Schwarzes Meeres und aus den pleistozänen Terrassen der Flüsse 
Dnjester und Pruth bekannt gewordenen palaontologischen Angaben war diese Fauna im 
vorerwähnten Gebiet vom Altpleistozan bis zur jüngeren Phase des mittleren Pleistozäns 
vorzufinden (Tschepalyga, 1967). Nachdem aber unter den bereits lebenden Arten der Fauna 
sich zahlreiche pontisch verbreitete Formen vorfinden, dürfen wir das Entstehungsgebiet der 
altpleistozänen fluviatilen Fauna in den südwestlichen Provinzen der Sowjetunion suchen. 

Hier sei noch auf die interessante Tatsache verweisen, dass in dem aus Teifbohrungen 
entstammenden altpleistozänen Material von mehreren Arten eine solche Form vorzufinden war, 
welche gleichzeitig die Charaktere zweier nahverwandten Arten in sich vermischt zeigten. 
Derselbe Fall ist auch bei den altpleistozanen Fagotien vorhanden, bei denen nur ein kleiner 
Teil bei Fagotia acicularis oder F. esperi untergebracht werden kann, der grössere Teil weist 
morphologische Merkmale beider Arten vermischt auf. Dies lässt darauf schliessen, das die 
morphologische Trennung das gemeinsamen Vorläufers auf Zwei getrennte Formen hier erst 
noch begonnen ist. Damit wird auch ihr gemeinsamer Ursprung bewiesen, womit eine frühere 
Behauptung, wonach der pliozane Melanopsis fuchsi als gemeinsamen Vorläufer der beider Arten 
angenommen wäre (Bartha, 1956), eine weitere Bestätigung erfährt. Derselben Situation 
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begegnen wir auch im Fall der Arten Theodoxus danubialis und Т. prevostianus, in den 
altpleistozanen Materialien ist die das Merkmalgut beider Arten vermischt vorfúhrende Form 
die häufigere. 

Was nun die Ausbreitung der altpleistozanen fluviatilen Fauna anbelangt, stehen uns aus 
Gebieten ausserhalb des Karpatenbeckens nur vereinzelte Angaben zu Verfügung. Als Ursache 
muss der Umstand angenommen werden, dass die Zahl von Fundstellen deren geologisches Alter 
nach unseren heutigen feinstratigraphischen Ansprüchen gemessen gesichert erscheint, zu gering 
ist, weiterhin dass diese Fauna vorerst an Hand charakteristischer ausgestorbenen, oder im 
betreffenden Gebiet nicht mehr vorkommenden Arten registriert werden kann. 

Viele charakteristische Arten dieser Fauna sind südöstlich vom Karpatenbecken aus der 
Sowjet-Moldau, aus den sogenannten “Tiraspol-Schichten’”’—aus den unserigen gleichalten oder 
nur wenig jüngeren Schichten—zum Vorschein gekommen (Tschepalyga, 1971). So konnte ich 
selbst das Vorhandensein von Bithynia (Neumayria) crassitesta in diesen Ablagerungen 
feststellen. Die aus hier beschriebenen zalreichen Viviparus-Arten stehen mit unserem Viviparus 
böckhi in sehr naher Verwandschaft, bzw. können von letzterer nicht unterschieden werden— 
geschweige, sie scheinen in eine Art zusammenfassbar zu sein. 

Die Verbreitung der Fauna wird durch Vorkommen der aus dem westlichen Gebieten 
Mitteleuropas nachgewiesenen Arten Bithynia crassitesta, Pisidium clessini, Fagotia acicularis 
und F. esperi, einen Teil der Va/vata naticina-Daten, sowie besonders dem zum Altpleistozän 
gebundenen Vorkommen von Corbicula fluminalis markiert, deren faunengeschichtliche 
Bedeutung schon Steusloff unterstrichen hat (Steusloff, 1953). Theodoxus danubialis und 7. 
prevostianus werden vom genannten Gebiet ebenfalls von mehreren Fundstellen nachgewiesen. 
Nach oben gesagten bezeichen sich diese Angaben auf altpleistozäne Kollektivtypen und mit 
solchen ist der englische 7. cantianus und wahrscheinlich wohl auch die als 7. serratiliniformis 
beschriebene Form gleichzustellen. Ebenso verweist auf die Ausbreitung der Fauna gegen 
England die hochgradige Übereinstimmung der Form Viviparus clactonensis mit Exemplaren des 
aus dem ungarischen Altpleistozan bekannten V. acerosus. 

Auf Grund all dieser kann festgestellt werden, dass die besprochene altpleistozäne fluviatile 
Fauna vom Südosten her gegen Nordwesten sich ausbreitend bedeutende Gebiete Europas 
überflutete. Vermittler dieser Ausbreitung war aber nicht die das Karpatenbecken überquerend 
die zwei Gebiete verbindende Donau. Einerseits wies der altpleistozäner Vorläufer dieses Flusses 
noch ein vom heutigen sehr verschiedenes hydrographisches Bild auf, anderseits suchen wir die 
Spuren dieser Fauna eben nordwestlich vom Karpatenbecken vergebens. Wir müssen daher 
voraussetzen, dass die Fauna den Bogen des Karpaten von Aussen her gegen Nordwesten 
umgangen aus der Ukraine ausgestromt, über Polen und Norddeutschland, die Gebiete von 
Holland und England, bzw. den Südwesten Deutschlands erreichte. Den Angaben nach hatte der 
entsprechende Abschnitt des Altpleistozáns ein ‘‘interglaziales’’ Gepräge, so störte die auf ein 
kleines Gebiet sich zurückgezogene Eiskappe diesen Ausbreitungsstreifen nicht. Dass wir 
Vorkommen dieser Fauna aus Polen und Norddeutschland nicht kennen, ist damit zu erklären, 
dass die Sedimente des älteren Pleistozäns in diesen Gebieten durch die späteren Vereisungen 
vernichtet worden sind. 

Die oben angedeutete Bewegungsrichtung, bzw. die Grösse der Ausbreitung der Fauna lassen 
darauf schliessen, dass zu dieser Zeit in grossen Teilen Europas eine relative tektonische Ruhe 
herrschte, und so die Verbindungen zwischen den einzelnen Flussgebieten—aber zumindest die 
Möglichkeit eines Faunenwechsels zwischen diesen—durch längere Zeit hindurch bestanden 
haben kann. Die im mittleren Pleistozan sich vollzogene Aushebung der Mittelgebirgsgebiete—das 
sich im Karpatenbecken bis auf 300 M. oder mehr belief—und die damit verbundene 
Klimaverschlechterung, mit der wir wohl die alpine Mindel-Vereisung gleichstellen können, das 
rasche Verschwinden der behandelten Fauna verursachten. 

Die Fauna der jungpleistozanen Sedimente des Karpatenbeckens unterscheidet sich von den 
älteren sehr scharf. Von den ausgestorbenen Formen ist eine einzige Art, Pisidium clessini, aus 
den Sedimentkomplexen der Zeitabschnitte milderen Klimas bekannt. Dabei fehlen aber auch 
die Fagotia-Arten und von den Theodoxus-Arten ist nur mehr Th. transversalis vorhanden. Dass 
die Fauna vorerst durch klimatische Einflüsse dezimiert worden ist, wird dadurch warscheinlich, 
dass in unseren Thermalquellen-Ablagerungen der entsprechenden Zeitperioden Fagotia 
acicularis, F. esperi, ebenso wie Theodoxus prevostianus vorhanden waren (Krolopp, 1969b). 

Ein ähnliches Bild stellt uns die Süsswasserfauna der westlichen Teile Mitteleuropas dar. Die 
Angaben aber, welche aus diesem Gebiet an einigen Fundstellen das Auftreten von Corbicula 
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fluminalis und Theodoxus serratiliniformis auch aus interglazialen Ablagerungen des jüngeren 
Pleistozäns nachweisen, lassen darauf schliessen, dass wir auch mit einer in obererwähnten 
Richtung sich vollzogene Vanderung einiger thermophilen Arten gegen Nordwesten oder aus 
südwestlichen Refugiengebieten erfolgten Rückwanderungen zu rechnen haben in Zeitabsch- 
nitten günstigen Klimas. 

Ein interessanter Unterschied besteht zwischen dem Karpatenbecken bzw. den westlichen 
und südlichen Gebieten Mitteleuropas, namentlich, dass während Viviparus diluvianus bei uns 
fählte, im obererwähnten Gebiet schon aus dem altpleistozänen Sedimente vorkommt, besonders 
aber im Holstein-Interglazial durch sehr häufige, ja massenhafte Vorkommen die bekannten 
“Paludinenbánke”” bildet. Hier sei erwähnt, dass im Bezug auf das seitens Schmierer (1923) aus 
den “Paludinen-Schichten” der Umgebung von Berlin angeführte Vorkommen von Bithynia 
crassitesta—wie ich das anhand des Originalmateriales feststellen konnte-ein Irrtum vorliegt, und 
so muss das Auftreten dieser ausgestorbener Art auf das Altpleistozan beschränkt werden. 
Wahrscheinlich kann die fluviatile Viviparus-Art Westeuropas, V. viviparus—eine Art, die im 
Karpatenbecken nicht lebt und auch nicht fossil vorgekommen ist—mit V. diluvianus in 
genetische Beiziehung gebracht werden. 

Nach der letzten Vereisung, d.h. im Holozän, erscheinen in der fluviatilen Fauna des 
Karpatenbeckens von Südosten her durch Vermittlung der Donau und ihrer Nebenflüsse die 
pontischen Arten. Wir können kurz sagen, dass die altpleistozäne Fauna wiederkehrt, natürlich 
mit Verlust einiger ausgestorbener Formen. 

Neuankömmling ist nur die bereits erwähnte Dreissena. Gleichzeitig erreichen diese Arten die 
Westgebiete Mitteleuropas und Westeuropa meist nicht (Zilch & Jaeckel, 1962). Als Ursache 
dieser Ereignisse kann neben inzwischen stattgefundenen geomorphologischen und palaohydro- 
graphischen Anderungen auch der Umstand herangezogen werden, dass die nördlichen Gebiete 
erst kürzlich vom Eis frei wurden, sowie dass die Klimaverbesserung in diesen Gebieten nicht 
das Ausmass eines altpleistozanen “'Interglazials’’ erreichte. 

In das Schicksal der fluviatilen Molluskenfauna griff in der nahen Vergangenheit auch der 
Mensch in hohem Mass ein. Durch künstliche Wasserwege förderte er die Ausbreitung einiger 
pontischer Arten, wie Dreissena und Lithoglyphus naticoides. Gleichzeitig erreicht aber—falls da 
kein rascher internazionaler Eingriff erreichbar sein wird—durch Verunreinigung des 
Wassernetzes, dass in kurzer Zeit sämtliche Arbeiten, die sich mit der Molluskenfauna der Flüsse 
beschäftigen, nur mehr Faunengeschichte registrieren werden können. 
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ABSTRACT 


CONTRIBUTION TO THE ORIGIN OF THE FLUVIATILE MOLLUSC 
FAUNA OF CENTRAL EUROPE 


Parallel with the latest Pliocene replenishment and disintegration and, finally, disap- 
pearance of the brackishwater lake covering the Carpathian Basin, began the formation of 
the present-day river system of the area. The thickness of the sedimentary sequence of 
Lower Pleistocene age deposited in the territory of the Great Hungarian Plain by this 
ancient river system locally exceeds 700 т. In the course of the processing of the rich 
fossil material recovered by deep drilling, valuable data were obtained both concerning 
the time of the appearance of the species of the present-day fluviatile fauna and the 
disappearance of some “exotic’’ forms. With a view to these data, the author has 
attempted to sketch in rough outlines the origin and evolution of Central Europe's 
fluviatile mollusc fauna. 
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QUANTITATIVE AND QUALITATIVE DIFFERENCES AMONG MOLLUSC 
POPULATIONS OF TWO BASINS (AGNO AND LUGANO) OF LAKE 
LUGANO, NORTHERN ITALY? 


M. Mariani and O. Ravera 


Biology Group, Ispra, D. G. Research, Science and Education, 
C.E.C. Euratom J.R.C., 21020 Ispra, Italy 


ABSTRACT 


This study has been started on the basis of the following considerations: a) treatment of all the effluents 
of eutrophicated Lake Lugano (surface km? 48.9, maximum depth 300 m) is foreseen for the years 1975 to 
1980; b) freshwater snails are benthic organisms living in the littoral zone, which is the part of the 
environment more directly affected by the wastes discharged into the lake. As a consequence, it seemed 
interesting to know the effects of the recovery of this lake on the characteristics of populations of molluscs. 

The first step in this research was to study quantitative and qualitative snail populations living in the 2 
basins (Agno and Lugano) of Lake Lugano more directly influenced by the treatment of the effluents. 
Indeed, in the near future the effluents discharged up to date in the area of Lugano will be diverted, treated 
and discharged into the basin of Agno. In the next years, this study will be repeated in the same collecting 
stations to compare the eventual effects produced on mollusc populations by the reduction of the pollutant 
charge into the lake. The results obtained from previous studies on the molluscan fauna of Lake Lugano are 
mentioned in another paper (Girod et а/., 1974). 

For each basin 3 stations were chosen, and for each station all the molluscs found in 4 random quadrats 
of 50cm X 50cm were collected by hand. The study was carried out over a 12-month period (July 
1973-June 1974) and for each station 10 collections were made. All the individuals found in each quadrat 
were counted and identified. 

Ecological differences among the stations were not relevant; the mean depth was about 40 cm and the 
bottom was covered with stones of about 20 cm in size. 

The lamellibranchs collected belonged to 4 species: Pisidium sp., Unio glaucinus vulgaris, Anodonta cygnea 
and Sphaerium corneum. Because of their low population density, lamellibranchs cannot be accurately studied 
by means of the method adopted; only the gastropods are considered in this paper. 

From the 3 stations of Lugano (1,2,3), 13 species were collected, and from those of Agno (1,11,111) 12; 
the total number of species was 15, with 9 present in both basins. It is noteworthy that only 4 species were 
present in all the 3 stations of Lugano and only 5 in those of Agno (Table 1). For each basin (Lugano and 
Agno), the number of species common to each group of 2 collecting stations and the total number of species 
found in the same group are reported in Table 1. 

In Table 2, the mean population density (no. individual/m?) for each species and station are reported. 
The seasonal variations of the density for the most abundant species will be discussed in another paper after 
the statistical elaboration of the data has been completed. 


TABLE 1. Number of species present in each group of stations and number of species common to each group 


Basin Group of stations No. present Species common to each group 
1222 10 4 
Lugano 5 À = 3 > 
12253 13 4 
1+11 10 7 
Sand au 11 7 
НИИ 12 5 


1Contribution No. 1032 of the Biology Programme, Directorate General XII of the Commission of European 
Communities. 
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TABLE 2. Mean population density (no. individuals/m?) and percentage calculation for each species and station. 


Basin 
Lugano Agno 
Station 1 Station 2 Station 3 Station | Station II Station И! 

Species No. % No. % No. % No. % No. % No % 
Lymnaea peregra 572 352 181.0 744 1007644 242 693 2075 208525995305 
Planorbis carinatus SI SV UA ES 94 26.9 1.8 1.8 0.0 0.0 
Physa fontinalis 224 13.8 0.0 0.0 010010. 0:02 00 00300 0.0 0.0 
Armiger crista 23.6 14.5 1:8; 207 42 27 OF 20 105 103 0.0 0.0 
Gyraulus albus 09 0.6 75 31 1.62.1020 0.3 35.7 349 0.1 0.1 
Valvata piscinalis 0.0 0.0 8825 316. 122.1 Пал 0.4 1.2 24.9 244 598 30.9 
Physa acuta 0.0 0.0 08 0.3 0.1 07 0.0 0.0 1.0 104470624 
Hippeutis complanatus 0.0 0.0 0.0 0.0 0:0 00 01 0.3 0.0 0.0 17 09 
Bathyomphalus contortus 0.0 0.0 0.0 0.0 URSS 0015 000000 00 0.0 
Ancylus fluviatilis 0:0520:0 0.1 0.1 7.1 4.5 010/41 OL0y 40,055 200 0.0 0.0 
Acroloxus lacustris 0.0 0.0 0.0 0.0 0.6 0.4 0.0 0.0 7.6 74 7.8 4.0 
Ferrissia wautieri 0.0 0.0 010144010 005 O10) 1010500 0:05 10:05 SIEHE 
Viviparus ater 0.7 0.4 0.0 0.0 0:2 20M 0:07 0:01 O10) 600 0.0 0.0 
No. ind./m? 162.5 100.0 243.3 100.0 156.4 99.9 34.9 100.0 102.2 100.1 193.3 100.0 
No. species 6 8 11 8 9 9 


From Table 2 the following considerations may be done: 1) the value of the mean population density 
varied from 35 individuals/m? to 243 and the number of the species from 6 to 11 according to the station; 
2) the differences between the basins were not relevant in comparison with those between the stations of the 
same basin, for the population density as well as for the structure of the molluscan biocoenosis; 3) Hippeutis 
complanatus and Ferrissia wautieri were absent in Lugano station and Physa fontinalis, Ancylus fluviatilis and 
Viviparus ater were found only in this basin. It is noteworthy that 1 of these species was present in all 3 
stations of the basin in which it was found; 4) Lymnaea peregra and Planorbis carinatus, dominant species in 
all 3 stations of Lugano, attained a relatively low density in Agno if compared with that of other species. 

From the results obtained it is evident that the structure of the molluscan biocoenosis may vary in zones 
belonging to the same lacustrine basin and this seems true also for zones with similar ecological 
characteristics. As a consequence, it seems very difficult to compare the molluscan faunas belonging to 
different basins (also if these basins belong to the same lake) if, for each collection, several samples are not 
studied. When statistical elaboration of our data is finished, more complete conclusions can be drawn. But, it 
is clear that we need more work on the reliability of the results obtained from the sampling methods 
commonly adopted. 
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THE GIANT AFRICAN SNAIL AND ECONOMIC MALACOLOGY 


Albert R. Mead 


University of Arizona, Tucson, Arizona, U.S.A. 


ABSTRACT 


Since the discovery of the giant African snail Achatina fulica Bowdich in Miami, Florida in September, 
1969, nearly 18,000 snails and thousands of eggs have been collected and thousands of man-hours have been 
spent at an estimated cost of over $300,000 in concerted efforts to eradicate this pest. To date (August, 
1974), it has been 17 months since the last live specimen was found and under the present control regime, 
the statistical projections predict an eradication by July, 1975. Intensive surveys of all of Dade County have 
been planned in an effort to uncover any possible undiscovered remaining populations of this and other 
agricultural pests. Recently, A. fulica has been discovered in Tahiti, New Caledonia and New Hebrides. 
Regrettably, serious concern is being given to the introduction of the predatory snails Gonaxis quadrilateralis 
(Preston) and Euglandina rosea (Férussac) as biological control agents. All 3 snail species have been shown to 
manifest symptoms of disease in which the bacterium Aeromonas liquefaciens (=hydrophila?) and the nematode 
Angiostrongylus cantonensis have been implicated. Both of these latter are infectious to humans and there are 
increasing reports in the literature of the serious symptoms and occasionally death that are caused by these 
parasites when they invade man. The major groups of organisms producing disease, parasitism or predation in 
terrestrial snails have been surveyed in the present work and include ants, beetles, birds, cestodes, crustaceans, 
flies, fungi, mammals, microorganisms, millipedes, mites, nematodes, protozoans, snails, trematodes and 
turbellarians. In the biological control of pestiferous snails, certain of these groups predictably will 
increasingly be exploited; but their use singly or in combination must be based on a much better knowledge 
and understanding of not only the potential biological control agent and the target species, but also the 
spectrum of environmental influences under which these are to interact. Mounting public concern over the 
use of chemicals in control programs has already effected a sharp increase in the use of biological control 
measures, although these were not used in the Florida infestations of A. fulica. In the future, more 
sophisticated control measures, with intrinsically restrictive effects, will be used. These will include such 
measures as specific disease agents, biotoxins, genetic manipulation of pathogens, genetic alteration of the 
host population, aposymbiosis, antimetabolites, pheromone-like substances and invertebrate hormones. On the 
positive side, terrestrial snails will be used to a greater extent in the future as experimental animals and as 
ee of nutrients and complex organic substances. Details of this report have been scheduled for 
publication. 


“Economic Malacology with Particular Reference to Achatina fulica,”” In: The Biology of Non-marine 
Mollusca, vol. 2, Academic Press, London; and “Economic Malacology,’’ /n: Annual Review of Entomology, 
vol. 25. 
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ABSTRACT 


The mechanism of filter feeding in Bithynia (Parafossarulus) manchourica Bourguignat 
and B. (B.) misella (Gredler), from Korea, is described. The snails can exclusively feed on 
food sausages formed by the animals out of mucus and flagellates (Ch/orogonium 
elongatum Dangeard). The food sausages are expelled every 100 to 200 sec., depending 
on the flagellate concentration in the medium (100 resp. 25 cells/mm?). They are 
ingested immediately after appearing at the egestion aperture of the mantle cavity, or 
they are dropped to the bottom and eaten later, either by the same or another individual, 
even of the other species. The development of the ability to digest the flagellates requires 
3 to 5 days from the transfer to the algal suspension. Bithynia manchourica is able to 
clear water from fine suspended particles completely, while т В. misella this ability is 
incompletely developed. Filtration rates, calculated for B. manchourica, at 23 + 1°C, 
reach >12 ml/h/ind. (as an average 5 + 3.5 ml/h/ind.). Bithynia misella is unable to clear 
more than approximately 1 ml/h. 


INTRODUCTION 


The starting point of the observations to be reported here was an attempt at rearing Bithynia 
manchourica in the laboratory. Bithynia manchourica, which is also known under the name of 
Parafossarulus striatulus, is the 1st intermediate host of the human liver fluke, C/onorchis 
sinensis, in the Far East. During the past years, some unsuccessful attempts had been made 
using water and mud from a Central European habitat of a related species, B. tentaculata. The 
snails had survived for some months without measurable growth and without laying eggs, until 
they died, presumably from starvation or inadequate nutrition. The supposition of Starmühlner 
(1952) and the observation of Schafer (1952, 1953) that B. tentaculata is capable of filter 
feeding then led us to try it once more with a suspension of nutrients, which, in the meantime, 
turned out to be successful. 


MATERIALS AND METHODS 


Table 1 gives some data on organisms and experimental conditions. As food we used a green 
flagellate, Chlorogonium elongatum. These TEE es are used in the cultivation of various 
protozoa in the Zoological Institute of Tübingen.! When compared with other unicellular algae 
used as food, flagellates have the advantage of staying in suspension without the necessity of 
stirring or shaking the medium. Other authors (e.g., Hinz & Scheil, 1972) have used a 
suspension of colloidal graphite in filter feeding experiments. But, we saw no reason to replace 
an available natural food source by an artificial substance. The snails had been collected in the 
hibernating state. They were kept in the refrigerator at 5°C until en, days before the 
beginning of the experiments, which were performed at a temperature of ЕЕ: 

For the quantitative determination of the filtering capacity the initial number per unit 
volume was determined, and this РЕ was repeated at intervals by means of counting 
chambers, used in medical practice.* The values found were corrected by the amount of change 
of cell numbers in the control dishes, where the initially equal flagellate suspension was kept 
besides the experimental dishes, but without snails. 


1We thank Dr. H. Netzel for kindly providing the inoculation sample from his stock. 
We are greatly indebted to Mrs. A. Schmelzeisen, Tubingen, who performed the cell counts. 
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TABLE 1. Material and methods. 


A += nnn, 
Bithynia manchourica Bourguignat (syn. Parafossarulus striatulus Benson), В. misella (Gredler), both collected 
in Haman, South Korea, Nov. 3, 1973 by C. H. Kim 

D 2 Geis E A В IN A AAA PAR RR 
Chlorogonium elongatum (Dangeard) : 

Cells 16-33 ит long—without flagella—and 7-16 ит wide) 


experimental temperature 23 + 1°C; diffuse day light 


Se PR E НН НЕ  —————————— Ee 
10 (in one case 20) snails per dish with 50 ml of medium which initially contained around 100 cells/ul. 
Control: O snails/50 ml. After O, 15, 30, 45, 60 and 120 minutes cell counts in Fuchs-Rosenthal-Chambers (6 
x 3,2 ul = 19,2 ul/interval). 


+ e eeta a 444242_———oo—— oo 0202 A AAAAAAAA<<<.d]dO  —<——<—K—+<+<— 


RESULTS AND DISCUSSION 
The filter feeding mechanism 


As soon as Bithynia manchourica opens its aperture after being transferred to the medium, 
the inflow of water with algae can be seen. This inflow takes place between the mantle and the 
cephalopedal mass on the snail's left side. The mode of filtering and formation of mucous 
sausages have been described in В. tentaculata by Starmühlner and by Schäfer. Starmühlner 
indicated that the water current pushes the nutrient particles, which are surrounded by mucus, 
along a groove backwards to the hindmost part of the pallial cavity, from where cilia transport 
them within the right half of the mantle cavity in a forward direction until the nutrient sausage 
leaves the snail. Schäfer, in contrast with Starmühlner, pointed out that the nutrient particles 
are caught in a mucous net which extends over the full length of the mantle cavity; from time to 
time the net breaks off at the hypobranchial ridge near the bottom of the cavity and is moved 
transversely from left to right over the bottom wall. There it is pushed together in a groove on 
the right side of the bottom wall to form a food sausage. Along this groove it is driven forward 
by ciliary movement and appears in a furrow between the right tentacle and the exhalant 
siphon, through which, by the way, the feces are expelled. The term “pseudofeces,”” which is 
usually applied to the food sausages, was rejected by Schafer, because surrounding particles by 
mucus does not merely serve to get rid of them. 

Our observations on Bithynia manchourica confirm Schafer’s statements in general, but 
revealed an additional detail: the assemblage of mucus with the greatest density of flagellates 
was found in the groove between the ctenidia and the right border of the mantle cavity, 
although parts of the mucous net appear to be pushed over the bottom wall immediately. 
Whether the mucous bands, as they are expelled, are ultimately formed in the groove on the 
right side of the bottom wall or whether this takes place on the lower part of the bottom is 
not yet quite clear. Schafer’s observation that the highest elevation of the bottom wall is 
exactly situated opposite the peaks of the ctenidia holds true for males only, at least in B. 


FIG. 1. Bithynia manchourica. Median cross section through the pallial cavity of a female (frontal view), 
showing the direction of water current (arrows) and the mucous net (mn), which contains flagellate cells. Key 
to lettering: ct, ctenidium; es, esophagus within the bottom wall; mn, mucous net; pod, pallial oviduct; rec, 
rectum. 
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manchourica. In females of this species, the 2 elevations are shifted (Fig. 1) and, thus, leave a 
larger gap between the 2 parts of the pallial cavity. 


Ingestion of mucous bands 


The expulsion of mucous bands from the pallial cavity is usually preceded by a distinct 
movement of the snail’s proboscis to the right side. After a split second the band appears and is 
grasped by the snail's mouth and swallowed. This behaviour indicates that the expulsion of 
mucous bands is either an act of will or is at least perceived by the animal before the band 
appears outside. 


Rhythm of mucous band expulsion 


The fact that mucous bands are not produced in completely clean water suggests that their 
production depends on the concentration of suspended particles. We therefore offered different 
concentrations of the flagellate successively to the same individuals. When the water contained 
25 cells/microlitre the average intervals between 2 expulsions were 195 + 17 seconds; with 100 
cells/microlitre these intervals were significantly shorter, viz. 95 + 10 seconds. Consequently, 
the frequency in the higher concentration is not, as one might expect, quadrupled, but merely 
doubled. A difference is found in the consistency of the bands: In the higher concentration the 
bands are more compact and, moreover, a little wider than in the lower concentration. 


Filtering capacity 


The filtration rate was calculated from figures showing the decrease of cell numbers per 
microlitre after the start of the experiments. An example of a histogramme is shown in Fig. 2. 

The filtration rates were calculated from the decrease in cell numbers by the formula given 
by Barker Jörgensen (1943). During the first 4 quarters of an hour of this experiment the data 
are 4.88, 4.08, 4.18 and 2.05 ml/h/ind. As a whole, 4 experiments were performed, using a 
total of 50 snails. The figures resulting from the values of these 16 quarters of an hour cover a 
range from O to 12.6 ml/h/ind. The mean of these 16 single values is 4.95 (s.d. = + 3.4) 
ml/h/ind. These values are smaller than those reported by Schäfer in Bithynia tentaculata. He 
indicated 16.8 ml/h/ind., a figure which he calculated from the velocity of current in the 
mantle cavity, the length of the pathway between inhalant and exhalant siphon, and the 
cross-sections of the openings. Such a kind of estimate certainly contains several sources of 
error. 
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The smaller species, Bithynia misella, with a shell height of 6-7 mm, as compared with 
8-9 mm т В. manchourica, never cleared more than 1 ml/h/ind. In many cases the filtering 
effect was not even measurable. This difference may be due to a poorer straining efficiency 
rather than to a weaker streaming through the pallial cavity. This could be verified by simple 
experiments where the snails were kept in clean water and a dense flagellate suspension was 
added immediately in front of the inhalant opening; observation of the exhalant opening under 
the dissecting microscope showed that the water which leaves the mantle cavity contains a good 
deal of flagellates in the case of В. misella, while the water which leaves В. manchourica is 
completely free from algae. 

The filter feeding ability explains 2 phenomena observed before our experiments began. 
When collecting Bithynia manchourica, we sometimes found the snails sitting on stones in 
crowds which would allow the individuals to graze on a few square millimeters only. The 
existence of these crowds are better understood when we presume that a considerable 
proportion of nutrition takes place by filter feeding. 

The 2nd phenomenon was observed in the laboratory. Whenever water was added to the 
aquaria containing mud, which was mainly silt, the water became very turbid. Within a couple 
of hours this turbidity completely disappeared in the case when B/thynia manchourica was 
living in the jar; in aquaria without these snails, the water remained turbid for 1 or more weeks. 
This suggests that B. manchourica plays some role in the self-purification of natural water 
bodies by concreting particles in suspension and by cleaning water of turbidity and oxidizable 
organic matter. Therefore, it should be borne in mind that a potential control of B. 
manchourica—as a disease control measure—could have undesirable side effects. 


Adaptive digestive behaviour 


The time a particle needs for its passage through the digestive tract may be of general 
interest. Its determination was facilitated by the fact that after transfer of the snails from mud 
to the flagellate suspension the colour of feces abruptly turned from brown to green. The time 
interval from the first ingestion of flagellates to the appearance of first green feces was within a 
small range, viz. 34 to 42 minutes in the case of Bithynia manchourica. The observation that 
initially the feces of both species exclusively consisted of intact flagellates, while after 3 to 5 
days the feces slowly turned brown, led us to start a more thorough analysis. The results are 
shown in Table 2. They indicate that the snail needs some time to adapt its digestive abilities to 
a new sort of food, but later is able to use it perfectly. The adaptation may consist in the 
development of an intestinal bacterial flora which is able to destruct cellulose, but data 
supporting this interpretation are still lacking. Although the period between reactivation and 
start of the experiment may admittedly have been too short for the snails to develop a normal 
enzyme production at all (Table 2), there is sufficient evidence that this adaptive behaviour also 
occurs after transfer from mud to algal suspension several weeks after the end of hibernation, as 
mentioned above. 


TABLE 2. Adaptive digestive behaviour in Bithynia manchourica and Bithynia misella. 


1974 
Jan.4 revived from hibernation, put in suspension of Chlorogonium el. 


Jan.5 all feces vividly green; > 80% of the flagell. motile and actively swimming after some minutes 


Jan.6 as the day before 


Jan.7 feces slightly paler, some brownish-green. Shape of flagellates still visible, but < 20% of the cells 


motile 


Jan.8 feces brownish-green to brown; flagellate cell walls destroyed in > 80% of the cells; myriads of 


isolated chloroplasts released. None of the freed flagellates motile. 
Jan.9 all feces olive-green to brown. No remainders of green cells visible. Feces content + amorphous. 


Jan. 10 ff. as Jan. 9 exc. one flagellate motile on Jan. 10 
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Finally we wish to add anoteon a laboratory observation possibly irrelevant to natural 
conditions; from 30 or so minutes after the transfer of the snails to a dense flagellate 
suspension mucous bands are no longer eaten, although being continuously produced. A state of 
repletion may have been reached. The bands are dropped to the bottom of the dishes, until the 
snails become hungry again. Then they are ingested not only by other individuals of the same 
species, but even by members of the other species. 

Voucher specimens of the 2 species used in these studies have been deposited at 
Senckenberg-Museum Frankfurt (SMF 241,423 and 241,424). 
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THE POPULATION DYNAMICS OF L/MNOPERNA FORTUNE! (DUNKER 1857) 
(BIVALVIA: MYTILACEA) IN PLOVER COVE RESERVOIR, HONG KONG 


Brian Morton 


Department of Zoology, The University of Hong Kong, Hong Kong 


ABSTRACT 


The mytilid Limnoperna fortunei (Dunker 1857) is, unusually, an inhabitant of 
freshwater rivers and streams in China and southeast Asia. In the late 1960’s it was found 
to have colonised, in large numbers, Plover Cove, Hong Kong’s largest and newest 
reservoir, recently reclaimed from the sea. In Europe, the dreissenid Dreissena poly- 
morpha (Pallas) is a pest of reservoirs and their associated systems, and necessitates the 
widespread use of chlorine as an antifouling measure. This study was undertaken 
principally to determine the potential threat of Limnoperna to the water supply system 
of Hong Kong. 

Long term experimental information has been obtained upon the time of breeding and 
settlement, the rate of growth and the life span of Limnoperna and these data are 
correlated with the seasonal hydrology of the reservoir, from its inception. 

The potential threat of Limnoperna is evaluated and a warning given against possible 
artificial introduction of this species into other parts of the world, as has happened with 
Dreissena polymorpha in Europe and Corbicula manilensis Phillippi into the United States 
of America with disastrous consequences. The latter species probably also came from 
China. 


INTRODUCTION 


Hong Kong has traditionally relied upon water catchments constructed around the periphery 
of the foothills of its numerous mountains for supplies of fresh water. With increasing affluence 
and with the dramatic increase in population from 1.8 million in 1947 to over 4 million in 
1972 such an intermittent source of supply afforded by the arrival of the southeast monsoon 
has been found to be insufficient. As early as 1960 Hong Kong's water supplies were 
augmented by supplies from China. In 1965, following a period of severe water shortage in 
1963-64, this water arrived in Hong Kong from a new source within China, the East River. The 
East River, a tributary of the much larger Pearl River, is populated by Limnoperna fortunei 
(Dunker 1857), a freshwater mytilid (Miller & McClure, 1931). Hong Kong’s raw water supply 
system has been enlarged to accommodate an increased flow from China currently running at 
18,500 million gallons/annum and to take water accumulated in Plover Cove, a newly 
constructed “reservoir in the sea.” This system was initially infected by Limnoperna in 1966. 
The history of this colonisation process has been described in an earlier paper (B. S. Morton, 
1974). By 1968 virtually all of the New Territories’ raw water supply system had been colonised 
and Limnoperna found its way into Plover Cove in noticeable numbers in 1969. 

This study was undertaken to provide background information essential for a thorough 
understanding of Limnoperna in order to facilitate control measures should the need arise. This 
paper reports upon a 2 year study of the population of Limnoperna inhabiting Plover Cove 
reservoir. The population dynamics of this little-known species has been correlated with 
the hydrology of the reservoir since its inception in 1967. 


MATERIALS AND METHODS 
In late 1971, 2 series of experimental frameworks were suspended at 10-feet-depth intervals 
in the deepest region of Plover Cove. The frameworks constructed from asbestos in the form of 


a 3-dimensional cross (Fig. 1) were thus hung at intervals of O, 10, 20, 30 and 40 feet and 
attached by nylon ropes to a concrete weight Iying on the bottom and to surface floats. One 
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FIG. 1. (A). The experimental framework used in the experiments upon the settlement of Limnoperna 
fortunei in Plover Cove. The method of construction of the frameworks is also shown (В). 


series of the experimental frameworks was lost in 1973 following a typhoon which broke the 
mooring. The panels were inspected every month for a period of 28 months for settlement by 
Limnoperna. Once specimens of Limnoperna had settled they were measured at monthly 
intervals along their greatest length to the nearest mm. At the close of the experiment the 
frameworks were returned to the laboratory and the total number of specimens found to have 
settled on each of the surfaces and crevices of the framework were recorded and measured. 
Every month 6 adult specimens of Limnoperna were collected from rocks within the reservoir 
and their ctenidia inspected for brooded eggs or larvae. 

Temperature and dissolved oxygen records were obtained from water samples routinely 
collected each week from 0-, 20- and 40-feet-depth intervals at the experimental site. These 
determinations have been correlated with data upon the time of breeding and settlement of 
Limnoperna larvae to gain an estimate of the optimum values under which these processes will 
occur. 

Finally the colonisation of Plover Cove by Limnoperna has been correlated with some of 
the known hydrological parameters prevailing in the surface and bottom waters of the reservoir 
since its inception. 


RESULTS 
| 


The hydrology of Plover Cove—General (Fig. 2) 


Plover Cove reservoir (Pl. 1) was reclaimed from а tidal cove in Tolo harbour, Hong Kong. 
This was achieved Бу damming the cove (Elliot et a/., 1967), pumping out the sea water and 
allowing it to refill with fresh water (La Touche et а/., 1970). It is possibly unique and is 
certainly the largest reservoir in southeast Asia. The Plover Cove scheme was completed in late 
1967 and though possessing an ability to store a usable volume of some 41,000 million gallons 
of water, having missed the typical summer monsoonal rains for that year, did not begin to fill 
with fresh water until the summer of 1968. The reservoir did not fill completely until after the 
summer of 1969. Initial chloride levels in 1967 and early 1968 were therefore high, even in the 
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FIG. 2. The hydrology of Plover Cove reservoir from its inception in 1967 until April, 1974. Surface values 
are indicated by an unbroken line, bottom values by a broken line. The first reported occurrence of 
Limnoperna within the reservoir is also recorded. 


surface waters, due to the leaching of salt from the saline bottom muds. This situation was 
enhanced by the fact that the reservoir is comparatively shallow and the area of mud, some 
3,063 acres, consequently large. Once completely filled with fresh water, however, chloride 
levels have progressively fallen in the surface waters and only small amounts of leaching have 
taken place into the bottom waters. This has characteristically occurred each year, as stratification 
has set in, in the summer. 

Significantly Limnoperna initially colonised the reservoir in large numbers in 1969, coincid- 
ing with the reduction in salinity. 

Similarly pH values have shown a progressive decline with time from a mean pH of 
approximately 9.5 in the summer of 1968 to a mean pH of approximately 8.0 in 1973. There 
has been a distinct tendency for the pH to rise in the surface waters in summer and to fall in 
winter. Bottom pH values have remained consistently lower since 1969 and have not shown the 
marked and wide seasonal fluctuations characteristic of the surface waters. 

The levels of dissolved oxygen did not vary initially between the surface and the bottom 
waters. As the reservoir filled, however, stratification of the water mass was established in 1969, 
1970, 1971 and 1972. In the summer months of these years the bottom waters became largely 
anaerobic. This situation seemed to be adjusting itself in 1973, however, and there has been 
with the maturation of the reservoir a progressive decline in the extent of stratification. Each 
year with the onset of winter, virtually since the reservoir’s inception, when the strong winds of 
the northeast monsoon serve to mix the waters, the bottom dissolved oxygen levels have risen 
to approach those characteristic of the surface waters, i.e., between 10-15 mg/l. 

The most marked variations seen in the reservoir water have been with regard to temperature 
where a distinct pattern of seasonal changes is clearly visible. In the summer months, the 
surface temperatures typically have risen to reach a peak of between 30-32°C, usually in 
August. With the onset of autumn and the lowering of the water levels, the temperature has 
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progressively fallen to a minimum of approximately 15°C in February. Bottom temperatures, in 
the early months of the reservoir's life, followed this plan, but in the winter of 1968-1969, 
following the first almost complete filling of the reservoir in 1968, stratification set in and low 
bottom temperatures were recorded in the summers of 1969, 1970, 1971 and 1972. With time, 
however, the temperature differential between the bottom and the surface waters has decreased 
and in 1973 stratification was not marked. 

The raising of the dams in early 1973 to enlarge the reservoir resulted in an increased depth 
of water after the summer filling of 1973. Whether or not this rise in water levels will have any 
effect upon water quality has yet to be determined. The reservoir now covers an area of 3,601 
acres and has a usable capacity of some 51,371 million gallons. 

The overall pattern emerging from this hydrological picture of Plover Cove is thus of a body 
of water at first experiencing wide fluctuations in both water level, chloride levels and pH (due 
to leaching), and later it is a maturer water mass, influenced after some 6 years of existence by 
only predictable changes in temperature and dissolved oxygen levels and changes due to summer 
filling and winter drawdown which are consequential to Hong Kong's position in the tropics. La 
Touche et al. (1970) have described in greater detail the transition of the reservoir from marine 
to freshwater conditions. 


The hydrology of Plover Cove—Specific (Fig. 3) 


At the site where the experimental frameworks were hung, i.e., in the deepest region of the 
reservoir, the temperature and dissolved oxygen content of water samples collected from 0-, 20- 
and 40-feet depth intervals were recorded. Predictably, with regard to these parameters, a 
similar pattern of changes as that seen in the reservoir as a whole has been recorded. In 
1972-73 there was a marked rise in the temperature in summer, reaching a peak of between 
30-31°C in the surface waters and between 26-27°C in the bottom waters in September. Waters 
at an intermediate depth (20 feet) were intermediate in temperature. During the winter, when 
mixing of the waters occurred, all temperatures dropped to a uniformly low value of between 
15-16 С in January-February. In 1973-74 a similar pattern was seen, but the surface water 
temperature only rose to 29°С in summer. Maximum summer bottom values were 27°С with 
intermediate water temperatures of 28°C. In the winter, uniformly low temperatures of 
approximately 15°C were recorded in February, 1974. The differential between surface and 
bottom temperatures was less pronounced in 1973 than in 1972, following, as in the reservoir 
as a whole, a general recognisable trend towards the uniform mixing of the waters. 

The dissolved oxygen content of the bottom waters fell in the summer of 1972 to a low 
value of some 1 mg/l. Surface water values fell to a lesser degree and to some 6 mg/l. As with 
temperature, waters of intermediate depth possessed intermediate dissolved oxygen values. In 
the winter of 1972-73, with mixing, uniformly high values of between 8-9 mg/l of dissolved 
oxygen were recorded. In the summer of 1973, dissolved oxygen levels again fell to values 
similar to those seen in 1972. Stratification was less pronounced in 1973, however, and in 
October of that year there was virtually complete mixing of the water. This trend persisted 
throughout the winter of 1973-74 to give high dissolved oxygen readings of some 9.5 mg/l in 
February 1974. 

In general terms the pattern of hydrographical changes seen at the experimental site matched 
those seen in the reservoir as a whole. 


RESULTS 
И 


This study concerns itself with changes in growth rates and the population dynamics of 
Limnoperna as revealed by changes in the length of the shell of individual members of the 
population. This technique is almost obligatory, since it is impossible to weigh individuals 
without breaking the byssus by which they are attached to the substrate. Changes in shell 
dimensions, however, have often been successfully used in the past as a yardstick against which 
other processes can be measured (Desai, 1966; Chatfield, 1968; B. S. Morton, 1969, 1974). 

The morphology of Limnoperna fortunei has been described by В. $. Morton (1973). The 
shell of Limnoperna is heteromyarian and approximately equivalve. The opisthodetic ligament is 
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FIG. 3. The depth of water in Plover Cove reservoir and water temperature and dissolved oxygen values at O-, 


20- and 40-feet-depth intervals at the experimental station over the period February, 1972-March, 1974. 


During the same period studies were undertaken of the settlement of Limnoperna fortune: upon experimental 
frameworks. 
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FIG.4. The relationship existing between shell length:shell width; shell height:shell length and shell 
height:shell width for a sample of Limnoperna fortunei from Plover Cove reservoir. 


of the typical mytilid type (Yonge & Campbell, 1969) and there are no hinge teeth. There is no 
byssal notch. The mineralogy of the mytilid shell has been described by Taylor, Kennedy & 
Hall (1969). The shell of Limnoperna is thin, a feature which though typical of many 
freshwater bivalves may also be related to the typically acidic and soft waters characteristic of 
southern China and caused by the granitic and basaltic geomorphology of the area. The waters 
of Plover Cove are, however, alkaline, due to the alkaline nature of the bottom. This situation 
is changing. 

The shell dimensions of a large sample of Limnoperna from Plover Cove (Fig. 4) suggest that 
growth is comparatively uniform and that, as a consequence, changes in shell length might 
usefully constitute an index of growth. 

The ratios of shell width:shell height:shell length of Limnoperna have been calculated as 
follows: 


1:1.18 + 0.18:2.60 + 0.50 
Population dynamics 


The results of these monthly measurements have been plotted in the form of length- 
frequency histograms (Fig. 5) in which the total number of specimens in each 1 mm size class 
has been expressed as a percentage of the total number of animals present in the sample. This 
procedure has the advantage of allowing direct comparison of all samples. The resulting series of 
length-frequency histograms have been correlated into a single 3-dimensional plot using a 
computer (Fig. 6). The resulting plots clearly demonstrate the changes that have taken place 
within the popuiation and demonstrate the build up of the population upon the experimental 
frameworks. 

Settlement of Limnoperna upon the experimental panels first commenced in March, 1972, 
when the temperature and dissolved oxygen levels for the surface, intermediate and bottom 
waters ranged between 18-22°С, 17-20°С and 15-17°С, and 8-9.5 mg/l, 8-9.5 mg/l and 1-6 mg/l 
respectively. In this month 1 animal settled. In the following month, a further 11 animals 
settled, but in May and June 2 of these died and no further settlement was recorded. In July a 
2nd larger spatfall occurred, which continued into August. A 3rd apparent peak of settlement 
was seen in September and thereafter no further settlement occurred, although a few individuals 
died to give a population size, for the year, of 49. After these 10 months of life, the length 
attained by the animals was between 15-16 mm. 
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FIG. 6. Computer plots of the population of Limnoperna fortunei settling upon the experimental frameworks 
suspended in Plover Cove reservoir. (A). The growth and structure of the population with actual numbers 
converted to Log,,. (B). A length-frequency computer plot; this figure should be compared with Fig. 5 from 
which it is directly derived. 


Settlement commenced again in January, 1973, when the temperature and dissolved oxygen 
values for the surface, intermediate and bottom waters were all approximately 17°C and 
8.5 mg/l. A 2nd larger spatfall occurred in June and a smaller 3rd one in September. Settlement 
ceased in November, resulting in the establishment of a population numbering some 1,300 
individuals. Of this population, the 1972 age class numbered only 49 and had achieved a mean 
length of some 28 mm. They were by now an insignificant proportion of the total population. 
The newly settled age class reached a mean length of some 15 mm after 11 months of life. 

In January, 1974, settlement again commenced when the mean temperature and dissolved 
oxygen levels of the surface, intermediate and bottom waters were all some 17°С and 9.5 mg/l 
respectively. In February alone, a total of nearly 5,000 individuals settled and the experiment 
had to cease since it was no longer practicable to continue measuring a population this size. By 
this time, however, irrespective of this enormous spatfall, the experiment would have been 
terminated because by now the 1972 age class was no longer distinguishable, on a size basis, 
from the 1973 age class, which had grown at such a rate as to incorporate into itself the older 
generation. 

It would thus seem that Limnoperna lives essentially for 2 years and that at any one time 2 
age classes may thus be seen to constitute the population. The younger, smaller age class would 
thus be newly settled, while the 2nd, longer age class would predominately comprise 1-2 year 
old individuals with a smaller percentage of 2-3 year old individuals. М is unlikely that any 
individuals enter a 4th year of life. These experimental results thus confirm an earlier analysis 
of the population structure of Limnoperna fortunei (В. $. Morton, 1973). 

The growth of the population of Limnoperna upon the experimental frameworks assumed a 
logarithmic rate (Fig. 7) and one can only guess at the projected level of settlement in future 
years had the experiment continued. Such rate of settlement, however, attests to the fouling 
potential of Limnoperna. 


Growth rates: Population trends (Fig. 8) 


In 1972 and 1973, the growth rate of the 1st spatfall was extremely fast, and by the August 
of each year a mean length of 16mm in 1972 and 19mm in 1973 had been attained. 
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FIG. 7. The total number of specimens of Limnoperna fortunei settling upon the experimental frameworks 
each month from March, 1972, until February, 1974. 


Thereafter, growth of this group of individuals ceased and recommenced at a slower rate in 
December, 1972, and in November, 1973. At this time in 1972 and a little later in 1973, this 
spatfall amalgamated with the much larger second and third spatfalls which settled in June and 
September respectively in both 1972 and 1973. These spatfalls also pursued an initial rapid rate 
of growth and achieved a similar size to the first spatfall in December, 1972, and in February, 
1974. Thereafter, 1st, 2nd and 3rd spatfalls were indistinguishable and their subsequent rates of 
growth were common. The population which settled in 1972 recommenced growth in January, 
1973, but at a much slower rate. Growth ceased from April to June, 1973, and then 
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FIG.8. The growth rates of the component spatfalls and age classes of the population of Limnoperna 
fortunei that colonised the experimental frameworks suspended in Plover Cove reservoir between March, 
1972, and February, 1974. The mean monthly temperature at the 20-feet-depth interval 15 also indicated by 
open circles and dotted lines. The origin of the individual falls of spat, from the parent population 15 also 
postulated and represented by open arrows. 


recommenced in July, 1973. With the approach of winter in September, 1973, the rate of 
growth of this age class declined and eventually ceased. The age class settling in 1973 followed 
this general trend. 

These growth rates have been correlated with the mean temperature of the water at the 
20-feet-depth interval since, as will be shown later, this was the depth at which most specimens 
of Limnoperna settled. From Fig. 8, it can be seen that settlement of the 1972 age class 
commenced as the temperature of the water began to rise following the winter low. Growth 
ceased in the 1st spatfall of the year when the temperature exceeded 27°С and recommenced 
when the temperature began to rise after the succeeding winter low. Growth continued in the 
2nd and 3rd spatfalls at high summer temperatures and when the temperature began to fall. 
Growth ceased for the 1st time for the 2nd and 3rd spatfalls, and for the 2nd time for the 1st 
spatfall when the temperatures reached between 24-25°С in the succeeding year. Thereafter, 
however, growth of this age class continued at the highest recorded temperatures until growth 
ceased altogether. 

The 1st spatfall of the 1973 age class also occurred when the temperature began to rise 
following the preceeding winter low. Growth of the 1st spatfall continued and only ceased 
when the temperature had reached a summer maximum of between 27-28”C. Growth resumed 
as the temperature fell to a low winter value. The 2nd and 3rd spatfalls continued to grow over 
the whole range of temperatures, from the summer high in July to the winter low in January 
1974. 

Settlement of the 1974 age class commenced when the water temperature began to rise in 
February following a winter low. 


Growth rates: Individual variation (Fig. 9) 


With increasing depth, it has been shown that the rate of growth of Limnoperna 1$ retarded 
(Fig. 9A). In the surface waters, the mean length of the individuals comprising the 1973 age 
class was some 27 mm after 1 year's growth. On the bottom panel, the mean length of the 
same age class was between 15-16 mm. At intermediate depths the mean lengths were 24 mm, 
22 mm and 20 mm at 10, 20 and 30 feet respectively. The newly settled 1974 age class did 
not, understandably, demonstrate this trend. 
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FIG. 9. Histograms showing the mean length and numbers of individuals of Limnoperna fortunei found to 
have settled at (A) different depths and (B) upon different crevices of the experimental frameworks 


suspended within Plover Cove reservoir. 


It has similarly been shown that settlement of Limnoperna took place preferentially upon 
certain crevices of the experimental frameworks at specific depths (Table 1), as will be 
discussed later. The average sequence of crevice preferences, for all depths, was plotted (Fig. 
ЭВ) to see М the mean length of the individuals colonising these different surfaces also varied 
accordingly. On the upper vertical surfaces, the mean length of the individuals comprising the 
1973 age class after approximately one year of growth was 20 тт. With decreasing overall 
preference for different crevices, an apparently greater absolute mean length was attained. On 
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TABLE 1. The numbers of individuals of Limnoperna fortunei, expressed as percentages, 
found to have settled on the different crevices of experimental frameworks hung at dif- 
ferent depth intervals in Plover Cove reservoir, Hong Kong. The figures have been ad- 
justed to allow for the fact that in any given panel there are twice as many horizontal 
crevices as vertical ones. 
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the lower horizontal crevices a mean length of 21 mm was attained, while on the lower vertical 
and the upper horizontal crevices, both being equally attractive to the larvae, a mean length of 
23 mm was attained. The newly settled 1974 age class did not, predictably, demonstrate this 
trend. 


Larval settlement 


The larvae of Limnoperna preferentially settled upon the panel submerged at a depth of 20 
feet (Fig. 9). At this optimum depth the temperature of the water and the level of dissolved 
oxygen when settlement commenced were between 17-20°C and 8-9.5 mg/l in March, 1972; 
17 С and 8.5 mg/l in January, 1973; and 17 C and 9.5 mg/l in January, 1974. These figures 
clearly indicate that temperature and the level of dissolved oxygen in the water play an 
important role in the spawning of Limnoperna. The role of temperature in inducing spawning in 
a variety of molluscs is well known (Nelson, 1928), and it seems likely that temperature is 
more important here. It is probable that the progressive rise in temperature in spring following 
a low winter value is the trigger necessary to initiate spawning activity. 

The regular inspection of 6 adult specimens of Limnoperna obtained from the natural 
population in the reservoir has failed to detect larvae being incubated in the ctenidia. It would 
seem likely therefore that the eggs are released soon after the water temperature begins to rise 
and that at temperatures of approximately 17°C the larvae settle, possibly after spending some 
few weeks as free-living members of the plankton. 

The larvae possess an obvious preference for particular surfaces at particular depths. The 
larvae always settled within the crevices of the experimental frameworks. Such a tendency has 
also been observed in the natural population colonising the shores of the reservoir. 

On the average, the upper vertical crevices followed by the lower horizontal, lower vertical 
and upper horizontal crevices were colonised in a decreasing order of magnitude. At specific 
depths, however, this pattern has been shown to vary. On the surface panel, the lower 
horizontal crevices were preferred by 75% of all settling larvae. The lower vertical surfaces were 
preferred by 13% and the upper vertical crevices by 9% of the population. № would seem 
therefore that the larvae were settling in the most shaded areas. At a depth of 10 feet, a similar 
pattern of settlement was revealed, except that fewer larvae preferred the lower horizontal 
crevices (34%), and the upper vertical crevices were preferred by more larvae (33%) than the 
lower vertical crevices (26%). At a depth of 20 feet, the upper vertical crevices assumed a new 
importance and were favoured by the majority of the larvae (50%). The lower horizontal 
crevices ranked 2nd in importance. At a depth of 30 feet, a similar pattern as that seen at 20 
feet was recorded. On the bottom panel, at a depth of 40 feet, a change in the least preferred 
crevices was noted, with a greater percentage of animals (15%) settling in the upper horizontal 
crevices rather than the lower vertical (6%) crevices. 

Such a pattern of preferences has also been seen in the raw water conduits receiving water 
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PLATE 2. The experimental frameworks, viewed from the side and from above, showing the general levels of 


settlement of Limnoperna fortunei. The panels 1-5 were located at 0-, 10-, 20-, 30- and 40-feet-depth intervals 
within Plover Cove reservoir. 
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from Plover Cove, and noticeably the upper horizontal and lateral vertical junctions between 
section lengths are colonised first and from these foci the general pipe surface is colonised (B. 
S. Morton, 1974). 


DISCUSSION 


Limnoperna fortunei has colonised Hong Kong's increasingly sophisticated New Territories” 
raw water supply system, including Plover Cove, which is a unique “‘reservoir in the sea.” The 
source of infection has been traced to the commencement of water supplies from China, drawn 
for the first time from the East River, a tributary of the Pearl River (B. S. Morton, 1974). 

Limnoperna is unusual in that it is a mytilid and is a wholly freshwater inhabitant; whereas 
its closest relatives are, at most, estuarine, but typically marine. An affinity with the 
superficially similar Dreissenacea has been discounted (В. S. Morton, 1973). Such similarities as 
do exist are due to convergence and the adoption of similar habits. The success of Limnoperna 
and Dreissena in freshwater supply systems relates to the possession by both of a byssus, a 
heteromyarian shell and a free swimming dispersive larval stage. 

A 2-year study of a population of Limnoperna inhabiting Plover Cove has determined shell 
dimensions for this species in this locality, and has experimentally determined the time of 
settlement, rates of growth and time of death. These facts have been related to the prevailing 
hydrological conditions in the reservoir. lt has been shown that the reservoir, which was 
reclaimed from the sea, was initially colonised in 1969, when for the first time chloride levels 
resulting from a leaching of the bottom muds were considerably reduced. Thereafter, as the 
reservoir matured, the population of Limnoperna has grown, resulting in the establishment of a 
breeding population that every year re-infects the raw water supply system. In this context, it 
has been shown that Limnoperna produces larvae, under suitable temperatures, in 3 bursts for 
up to 9 months of the year. By contrast, Dreissena polymorpha in Europe only breeds for 2-3 
months (B. S. Morton, 1969). Such a short breeding cycle makes possible the efficient and 
relatively inexpensive control of the animals using chlorine (Greenshields & Ridley, 1957). A 
similar control procedure for Limnoperna would be much more expensive. 

Settlement of Limnoperna upon experimental panels located at different depths in Plover 
Cove has been shown to occur when the temperature rises to above 17°C following low winter 
temperatures. It would seem likely that the rise in temperature from a typical annual minimum 
of 15°C triggers the release of gametes; the resulting larvae spending a few weeks leading a 
planktonic existence. Nelson (1928) has shown for a wide range of bivalves that an increase in 
temperature results in spawning activity. The larvae of Limnoperna are not incubated in a 
ctenidial marsupium as in the Unionacea, Sphaeriacea and Corbiculacea; indeed it is doubtful if 
the filibranch ctenidium of the Mytilacea could function as such. Similarly, Dreissena 
polymorpha does not incubate eggs or larvae (B. S. Morton, 1969). 

The larvae of Limnoperna preferentially settled at a depth of 20-30 feet in Plover Cove. In 
contrast, Dreissena, in Europe, settles at a depth of some 10-20 feet (B. S. Morton, 1969; 
Stanczykowska, 1964). The relative position of both species within the water column, however, 
is likely to be governed by a complex of factors, such as the availability of suitable surfaces, 
oxygen levels, temperature and probably, importantly, the turbidity of the water. Little data 
pertaining to the settlement of freshwater organisms, particularly molluscs, exists in the 
literature. For marine organisms, particularly littoral ones, however, a wide body of evidence 
has been accumulated to show that organisms, e.g., barnacles, may settle at specific depths in 
response to variations in temperature, salinity, and, probably more importantly, the penetration 
of light (Houghton & Stubbings, 1963). 

Ostrea lurida (Hopkins, 1935) and Dreissena polymorpha (B. S. Morton, 1969) have been 
shown to prefer the undersurface of horizontal panels, but the settlement of Limnoperna upon 
the 3 dimensional panels used in this study was shown to vary according to the depth. Again, 
little data exist pertaining to the settlement of freshwater bivalves, largely because the majority 
of such species incubate their young until a late stage. Similarly, studies upon marine or 
estuarine molluscs relate to the more economically important species of oysters, mussels and 
shipworms. Generally, it has been shown for oysters that the larvae are positively phototactic 
(Hopkins, 1935; Cole & Knight-Jones, 1939). Similarly, for the shipworm Teredo (= Lyrodus) 
pedicellatus, it has been shown (Isham et а/., 1951) that, in darkness, the larvae are negatively 
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geotropotactic. When illuminated, the behaviour is modified by a weak negative phototropotaxis 
and a stronger negative photokinesis which reaches a maximum at about 70 foot candles in 
younger larvae. Pomerat & Reiner (1942), using opaline collectors, were able to show that the 
settlement of fouling organisms upon the upper and lower surfaces was similar, indicating that 
light is a major factor involved in the settlement process. It would seem likely that Dreissena 
polymorpha is also positively phototactic (В. $. Morton, 1969) and that a similar situation 
exists in Limnoperna. In the surface waters, i.e., at depths of 0-10 feet, it seems that the larvae 
of Limnoperna swim upwards towards the light, thereby accounting for their preferential 
settlement upon the under surfaces of the test panels. The possibility must also exist that this is 
a negatively geotropic response. At greater depths (20-40 feet), however, upper vertical crevices 
are favoured. Such a preference, in all probability, represents a positive attraction for such an 
orientation, since the larvae are neither passively nor actively sinking at these depths, because 
upper horizontal crevices are nearly always least preferred. Only at a depth of 40 feet do the upper 
horizontal crevices become more attractive than lower vertical crevices. This panel may have 
been colonised by animals unable to swim up to the surface waters. М would thus seem that 
the larvae of Limnoperna follow a light gradient and that at greater depths the amount of light 
falling on different surfaces attracts the larvae. At different times of the year such patterns of 
light intensity may, and probably do, change, thereby influencing the settlement of different 
spatfalls. Only at very great depths may either a passive sinking motion or a positive geotropic 
response enable the larvae to settle on upper horizontal surfaces. Significantly, however, 
Limnoperna settles in greater numbers on the upper surface of underground pipes, indicating a 
negative geotropic response in the absence of light. Similar observations have been made by 
Pomerat & Reiner (1942) upon barnacles. It would seem possible, therefore, that both light and 
gravity are important in the settlement of Limnoperna. 

Settlement 15, of course, also related to the availability of suitable surfaces, and it 1$ 
noticeable that Limnoperna is strongly thigmotactic; crevices, where available, were always 
preferred. In Lasaca rubra, J. E. Morton (1960) has shown that the lateral contact provided by 
a crevice normally supersedes the usual responses to both light and gravity. This may also be 
the case with Limnoperna, and in the reservoir itself, crevices are colonised, at all depths, 
before open surfaces. Similarly in pipes, joints between section lengths are favoured. Greater 
research is called for with regard to these freshwater animals. 

The settlement of Limnoperna in Plover Cove proceeded in 3 spatfalls each year. The 1st 
occurred from January to March-April, the 2nd from June to July, and a 3rd minor fall in 
September. The latter spatfall may, in reality, be a sub-spatfall of the major 2nd fall. It is here 
suggested (Fig. 8) that the 1st spatfall of the year results from the early breeding of the 1st 
spatfall of the previous generation. The 2nd and probably the 3rd spatfalls result from the 
breeding of the 2nd (and 3rd) spatfalls of the previous generation. Significantly, as noted for 
Dreissena polymorpha (B. S. Morton, 1969), the arrival of larvae seems to be associated with a 
cessation of growth in the parent population. The growth of the population of Limnoperna 
upon the test panels in Plover Cove is probably typical of that occurring in the reservoir as a 
whole, and the dramatic rate of colonisation of the panels would indicate a degree of 
gregariousness, i.e., the larvae being attracted to an established population of adults. Such a 
mechanism is well known from studies of marine, especially littoral, organisms, e.g., barnacles 
(Knight-Jones & Stephenson, 1950), serpulids (Knight-Jones, 1951b) and oysters (Knight-Jones, 
1951a). Facilitated settlement, depth and surface preferences in Limnoperna result in variations 
in the length, and probably overall shape, of Limnoperna. Those specimens settling in the 
surface waters grow to a much greater length than those settling on the bottom. Similarly, but 
to a lesser degree, those settling on the least popular surfaces grow longer than those settling on 
popular surfaces. Competition for space, and perhaps nutrients, seems to stunt growth. Overall, 
however, the species possesses relatively uniform dimensions, unlike its European counterpart 
Dreissena polymorpha which, as its specific name suggests, is variable in shape. Farrow (1971), 
too, has shown that for the littoral Cerastoderma edule, growth is influenced by the position of 
individuals on the shore in relation to the relative time of exposure and immersion. 

The logarithmic growth of the population of Limnoperna upon the experimental panels 
places it as a potentially troublesome fouling species, much as Dreissena polymorpha is in 
Europe (B. S. Morton, 1969), as Corbicula manilensis is in the United States of America 
(Sinclair, 1971) and, significantly, as the mytilid Modiolus striatulus is in India (Krishnamoorthi 
& Rajagopalan, 1969). Limnoperna must be regarded as an opportunist species, combining a 
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high reproductive potential, high rate of growth, a thin shell and an ability to colonise a wide 
range of habitats. Within the sphere of water-supply systems in southern China, Limnoperna is 
likely to be troublesome. 

A global shortage of water associated with an increased world population must lead to 
greater efficiency within water-supply systems. Europe, North America, India, and now Hong 
Kong, possess significant freshwater fouling bivalves—all artificially introduced. The fouling 
potential of Limnoperna cannot, as yet, be accurately forecast, but it is felt expedient to warn 
against artificial introduction of this mollusc elsewhere. 


SUMMARY 


Hong Kong's raw water supply system has been colonised by the freshwater mytilid 
Limnoperna fortunei from China. Limnoperna can, given suitable temperatures, breed for 9 
months of the year, a fact which will be important in assessing future control measures. The 
onset of breeding is correlatable with a rise in the temperature of the water following a winter 
low. The species lives, in the main, for 2 years, but a few individuals survive into their 3rd year. 
The rate of growth is fast, and a cessation of growth is probably correlated with the early 
maturation of the gonads, a release of gametes and a subsequent spatfall. Altogether, at least 2 
and possibly 3 spatfalls occur each year. 

The species exhibits a distinct preference for a particular depth within the reservoir and for 
different crevices of experimental frameworks suspended at different depths. Light and gravity 
are considered to be prime factors responsible for this selective process. Variations in the choice 
of a site for settlement result in variations in the growth of the maturing adults. 

Limnoperna is considered to be ап opportunist species and has a high fouling potential. It is 
considered likely that the species will assume a new importance as water-supply systems in 
southeast Asia improve. A warning 15 given against further accidental introductions. 

Limnoperna fortunei, as does Dreissena polymorpha in Europe, reflects the success of the 
byssate, heteromyarian condition in freshwater systems and emphasises the importance of the 
free-swimming  veliger larvae in the successful exploitation of new water bodies. Such 
adaptations are detrimental to man's activity in the supply of fresh water. 
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ABSTRACT 


The structure of slug skin has been examined by both scanning and transmission 
electron microscopes. The dorsal surface of both Arion hortensis Ferussac and Agriolimax 
reticulatus (Müller) was shown to be composed of cells with an apical microvillous 
border. The ventral foot epithelium was composed of ciliated and non-ciliated cells, 
often arranged in tracts. The enzyme histochemistry of these epithelia, in A. reticulatus, 
was also studied. From the distribution of phosphatases it seems that the apical plasma 
membrane may be concerned with energy-dependent processes. 


INTRODUCTION 


The structure of pulmonate skin has been studied by Barr (1927) and Campion (1961) with 
the light microscope and by Lane (1963), Wondrak (1967, 1968, 1969) and Newell (1973) with 
the electron microscope. Other authors have studied land and fresh-water snails (Zylstra, 1972) 
and all review the literature. 

Physiological studies have indicated the complexity of pulmonate skin (Machin, 1972, 1974). 
The mantle of snails secretes the shell, and the collar cells of the mantle secrete an epiphragm, 
which can be calcareous and shell-like. The other external surfaces have mucous glands which 
secrete mucus. Pulmonate skin is, then, metabolically much more active than the tegument of 
most other animals and is a unique feature of pulmonate molluscs. 

Earlier work by Machin (1964) had shown that, in isolated snail skin preparations, the rate 
at which mucus is extruded onto the skin is related to the blood pressure of the animal. The 
blood pressures generated by the animal when crawling have been estimated directly by Dale 
(1973) to be between 6 and 16cm of water which is in agreement with the figure of 10 cm 
required to remoisten isolated snail skin preparations (Machin, 1964). When mucus is secreted 
onto the skin surface it serves to lubricate and protect the epithelial cells in a variety of ways 
(Machin, 1965; Zylstra, 1972) and it is an ultra-filtrate of the blood (Machin, 1964; Burton, 
1965). Fresh-water snails can absorb ferritin particles (Zylstra, 1972), as well as ions and water, 
through their skin (Greenaway, 1970, 1971a,b). Terrestrial pulmonates can also absorb water 
through their skin (Howes & Wells 1934; Machin, 1964). The enzyme histochemistry of 
Lymnaea stagnalis has been studied by Zylstra (1972) who plotted the distribution of acid 
phosphatase enzymes using B-glycerophosphate as a substrate. He showed that they were located 
in lysosomes which are found apically in the epidermal cells. 

The present study is concerned with the structure and enzyme histochemistry of slug skin. 
An attempt is made to relate the distribution of these enzymes to their possible function in the 
living animal. 


MATERIALS AND METHODS 
Animals 


Adult slugs of two species, Agriolimax reticulatus and Arion hortensis were collected from 
the gardens surrounding the laboratory. 


(183) 
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Electron microscopy 


For scanning electron microscopy (SEM) whole slugs were fixed in 1% glutaraldehyde and 
acrolein, wiped with tissue to remove mucus, and then post-fixed with 2% osmium tetroxide (as 
below) but were then dehydrated in a graded acetone series and critical point dried before 
coating with platinum and carbon. 

Tissue for transmission electron microscopy (TEM) was taken from a band posterior to the 
mantle and included both the dorsal and foot epithelium. Small blocks of the excised tissues 
were then fixed in 1 of 2 alternative ways. In the 1st, tissue was fixed for 2 hours in ice cold 
1% glutaraldehyde containing 1% acrolein in 100 mM sodium cacodylate buffer at pH 7.6; 
followed by 2 hours in 2% osmium tetroxide in 100 mM sodium cacodylate at pH 7.6 at room 
temperature. In the 2nd, a 2% solution of potassium permanganate in tapwater, pH 7.8, was 
used for 2 hours at room temperature. The tissues were then rinsed in clean buffer and then 
dehydrated in a graded series of alcohol, washed in propylene oxide and embedded in either 
araldite or TAAB resin. The tissue was then sectioned on a Reichert ultramicrotome using glass 
knives. Sections were stained with alcoholic uranyl acetate followed by Reynold's lead citrate 
and then examined on an АЕ! 801 В electron microscope. 


Enzyme histochemistry 


The fine structural localisation of phosphatase and cytochrome oxidase enzymes in Agrio- 
limax reticulatus was accomplished by the methods listed below. In all cases tissue incubated т 
the full medium except the substrate were used as controls and were subsequently post-fixed in 
osmium tetroxide and embedded in resin. 


Non-specific alkaline phosphatases 


Non-specific alkaline phosphatases were located by a modified Gomori method (Wachstein & 
Meisel, 1957). In this method small blocks of tissue were fixed in 1% glutaraldehyde in 100 mM 
tris-maleate buffer for 30 minutes at 4°C and then incubated for 10 minutes in an incubation 
medium made up of 1 ml of 0.2 М tris-maleate, 2 ml of 1.25% Na B-glycerophosphate, 1.3 ml of 
1% lead nitrate, 0.5 ml 1/10 M magnesium sulphate and 5.7 ml of distilled water. The mixture 
was filtered before use and the pH was adjusted to pH 8. The tissue was then post-fixed in 2% 
osmium tetroxide in 100 mM sodium cacodylate buffer for one hour at room temperature. 

Inhibition of the phosphatase activity was attempted using both ouabain (stropanthin-G), 
(Skou, 1957) and ethacrynic acid (Whithembury €: Proverbio, 1970) which was introduced to 
the tissue as a 107? M solution in tris-maleate buffer before incubation as well as being added 
in this concentration to the incubation medium. 


Non-specific acid phosphatases 


Non-specific acid phosphatases were located by a similar method to that used for the 
alkaline phosphatases but the tissue was incubated in a 100 mM acetate buffer medium 
containing 0.12% lead nitrate and 5 ml of 3% sodium B-glycerophosphate. The pH was adjusted 
to 5 and the tissue was incubated for 1 hour. After incubation the material was washed in 
buffer and post-fixed by 1% osmium tetroxide for 1 hour in 100 mM sodium cacodylate buffer. 
Inhibition of the enzymatic activity was attempted by bathing some of the samples in a 107? 
solution of ouabain in acetate buffer prior to incubation in the full medium to which ouabain 
has also been added. 


Adenosinetriphosphatases (5-Nucleotidases) 


Tissue samples were first fixed in 1% glutaraldehyde in 100 mM tris-maleate buffer for 30 
minutes at 4°C, at a pH of 7.2, and then incubated in a medium containing tris-buffer, lead 
nitrate, magnesium sulphate and tris-ATP as a substrate (Wachstein & Meisel, 1957). The pH of 
the incubation medium was altered and so the enzymatic activity was assessed at different pH's; 
there were 6.0, 7.0, 7.4 and 8.0. The material was washed in buffer after incubation and 
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post-fixed in 2% osmium tetroxide in 100 mM sodium cacodylate buffer pH 7.2 for one hour. 
Inhibition, as described above, was attempted using either ouabain or ethacrynic acid both 
before and during incubation. 


Cytochrome oxidase 


Cytochrome oxidase was located by using the method of Seligman et al. (1968). Freshly 
excised tissue was fixed for 20 minutes in 1% glutaraldehyde in 100 mM sodium cacodylate 
buffer at pH 7.4. The tissue was then incubated for up to 2 hours in a sodium cacodylate 
buffer solution containing Cytochrome C as a substrate, catalase and 3,3'-diaminobenzidine 
tetrahydrochloride (DAB) reagent. Some tissue samples were incubated in the incubation 
medium to which has been added 0.01 М sodium cyanide which inhibited the cytochrome 
oxidase activity. 


RESULTS 
The structure of the dorsal epithelium 


The scanning electron micrographs produced of this region were often marred by the mucous 
coat secreted by the mucous glands embedded in the epithelium. This mucous secretion 
obscured the details of the cellular surface but in some cases small tufts of cilia were visible. No 
evidence of membrane-bound secretion was observed as described by Wondrak (1968). 

Thin sections of the skin of both species revealed a similar structure. The cells are 
columnar about 16 u tall and have a large nucleus embedded in the basal cytoplasm. The apical 
plasma membrane is folded into a series of microvilli and from their surface fine microfilaments 
(antennulae microvillares) can be seen in favourable sections (Fig. 2A). The apical cytoplasm of 
these cells is packed with numerous mitochondria, each with well developed cristae (Fig. 3A). 
The cells are joined apically by septate junctions, but no evidence of a basal macula occludens, 
as described by Wondrak (1968) for Arion rufus, was observed in either species. Basally, the 
cells do not have wide intercellular spaces. The lateral plasma membranes are sinuous, each cell 
interdigitating laterally with its neighbour. This arrangement probably enables the epithelium to 
maintain structural integrity during the considerable distortions that occur when these animals 
move through the soil. This feature is also noted by Zylstra (1972) for Helix pomatia. Each cell 
has several well developed Golgi zones and the cytoplasm is packed with a rough endoplasmic 
reticulum (Fig. 3A). 

The epidermal cells contain microfilaments which are found in bundles running parallel to 
the lateral plasma membranes of the cell (Fig. 3A). These are only evident in material that has 
been well fixed in both glutaraldehyde and osmium. Their function may be to give some 
mechanical strength to the epidermal cells which probably have to be fairly robust to withstand 
the stresses imposed on them by burrowing in soil. The apical microvilli that occur over large 
parts of the outer surface of the animals are also stiffened by microfilaments. 

At the base of the columnar epithelial cells a thin mucopolysaccharide extra-cellular coat is 
present, a basal lamina. This basal lamina separates the epithelium from the connective tissue 
which is filled with a fluid lymph and haemocyanin is absent from these areas. It contains 
many different types of cells, most of which have been described by Sminia (1972) for the 
freshwater pulmonate Lymnaea stagnalís. Collagen is abundant and is secreted by fibroblasts. 
Pore cells, which have to be distinguished from fibroblasts, are also present and among their 
many other functions synthesise the respiratory pigment haemocyanin (Sminia & Boer, 1972; 
Skelding & Newell, 1975). In Arion hortensis, melanin-containing cells are scattered through the 
connective tissue, which gives this species its characteristic black appearance. 

Mucous glands with a characteristic arrangement of the Golgi bodies near the base of the 
gland (Figs. 2A and 4A) were found т both Arion reticulatus and A. hortensis, and these 
frequently, but not invariably, showed a positive reaction to the phosphatase enzyme histo- 
chemical tests. These mucous glands correspond to the “'mantledrúse”” of Wondrak (1967) from 
A. empiricorum, to the ‘’muciparous gland cells” (Type 2 cells) of Jong-Brink (1969) from 
Biomphalaria glabrata, and to the “ubiquitous muciparous gland cells” of Zylstra (1972) from 
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the skin of Lymnaea stagnalis and В. pfeifferi. Another type of mucus-secreting gland, similar 
but not identical to the "laterale Sohlendrüse’’ of Wondrak (1967), was also found. In these, 
the secretions were bound in smaller vesicles than the other gland cells and the secretion had a 
higher electron opacity (Fig. 2B). 

Numerous blood vessels come close to the bases of the epithelial cells and some cells on the 
dorsal surface are ciliated and were probably primary receptor cells. The scarcity of ciliated 
cells in this region makes a marked contrast to the foot epithelium (see below). The mantle 
region was also examined and found to be identical in structure to the other dorsal epithelium. 


The structure of the foot epithelium 


The scanning electron micrographs produced of this region in Arion hortensis showed that 
the foot was, in part, covered by densely ciliated cells, which occurred in 2 bands which ran 
down the lateral margins of the foot. Large ducts to mucous glands can be seen in some places 
(Fig. 1A and В). At the anterior end in А. hortensis, smooth areas, rich in ciliated primary 
receptors, could be identified. 

Microvilli were visible in SEM photographs (Fig. 1 D and E) on the surface of the central 
zone of Arion hortensis and A. reticulatus. There was no evidence of membrane-bound 
secretion in the specimens examined. 

Thin sections of the foot epithelia of both species showed similar features. The unciliated 
cells bear microvilli and between them are found ciliated primary receptors. Ciliated cells 
unassociated with neurones, and so assumed to be non-receptive, also have apical microvilli 
(Fig. 3C) and the cilia appear to be motile with a typical 9 + 2 axial filament arrangement. The 
striated rootlet fibers show only moderate development and lie near numerous mitochondria. 
Large mucous glands have ducts which traverse the epithelium conveying the secretion from 
the gland cells embedded in the connective tissue out onto the surface of the foot. These are 
described in the preceding section. As with the dorsal epithelium the cells are joined by 
septate junctions. Several well developed Golgi zones occur in each cell. 

At the base of the epithelial cells a basal lamina is present which separates the cell from the 
fluid-filled connective tissue. Blood vessels, amoebocytes, collagen and smooth muscle fibers 
occur in this sub-epithelial layer. In neither species were melanin granules present in the foot 
epithelium. The basal lamina is a thin, diffuse layer which folds down to enclose the mucous 
glands. 


Enzyme histochemistry 


The results from the experiments designed to locate the distribution of the phosphatase 
enzymes in the dorsal and foot epithelia of Arion reticulatus were clear. Both epithelia showed 
a reaction product in all treatments except the controls, where no deposition of reaction 
product was observed. The most striking feature of these results is the failure of both ouabain 
and ethacrynic acid to inhibit the activity of these enzymes. This was at first attributed to the 
absence of inhibitor (pers. comm., Sminia, 1974) in the incubation medium (after washing for 2 
hours in inhibitor buffer prior to incubation). However, when these experiments were repeated 
with a preincubation wash in buffer and inhibitor, followed by full incubation medium and 
inhibitor, no enzymatic inhibition was recorded using either of these 2 materials. 

Experiments using sodium ß-glycerophosphate as a substrate show that at both pH 5 and 7.4 
no reaction product was deposited on the apical plasma membrane. This is in marked contrast 
to the results with the incubations using tris-ATP as a substrate, where in all cases, both the 
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FIG. 1. A and В. Scanning electron micrographs of the foot epithelium of Arion hortensis showing the 
junction between the ciliated and non-ciliated cells. The arrow indicates the opening of a large pedal mucous 
gland which is shown enlarged in B. Magnifications: X750 and X3,700. C, D, E and F. Successive 
enlargements of the non-ciliated region of the foot of А. hortensis. The arrow, т О, indicates the tuft of cilia 
shown enlarged in E. These small tufts of cilia are primary receptors. The transmission electron micrograph, 
F, shows a vertical section through one of these primary receptors. The microvilli which are evident in D and 
E are also shown in section in F. Magnifications: C, X1,200; D, X3,500; E, X10,800 and F, X 10,200. 
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apical plasma membrane of the dorsal and foot epithelia showed the deposition of a dense 
reaction product. Acid phosphatase enzymes have been shown to be localised in lysosomes 
present in the apical region of fresh-water snail skin (Zylstra, 1972). Lysosomes are present in 
slug epithelial cells and show a reaction for phosphatase enzymes. Other organelles showing 
positive deposits of reaction product include the nucleus, mitochondria of the epithelial cells 
and the Golgi bodies of the ubiquitous muciparous gland cells. 


Cytochrome oxidase 


A reaction product denoting the presence of this enzyme was found on the cristae of the 
mitochondria. No reaction product was deposited in other parts of the cell and it is concluded 
that these enzymes are only found in the mitochondria. 


DISCUSSION 


Terrestrial pulmonates differ from most other land animals in the structure of their skin. In 
arthropods the body is covered with a thick, tough impervious cuticle, whereas in slugs and 
snails the body is covered by an epithelium which 15 soft, mucous-covered and permeable to 
water. The skin of pulmonates has many functions, it is metabolically very active, and the 
mantle, in snails, secretes the shell. The mantle collar cells of snails secrete an epiphragm 
(Machin, 1966, 1967, 1968) which can be shell-like, as in Helix pomatia, or a mucous film, as in 
H. aspersa. Other skin surfaces of snails secrete mucus, which may not be a homogeneous 
secretion as it is produced from several different types of mucous glands (Campion, 1961). Slug 
mantle does not produce a shell, but it is similar in structure to the rest of the skin, which is 
metabolically active, as is shown by the distribution of enzymes, and secretes mucus onto the 
surface of the animal. The structure of mucous glands for 2 families of slugs, the Arioidae and 
Limacidae, have been described by Wondrak (1967) and Newell (1973), and are by no means as 
varied as those described for pulmonate snails by Zylstra (1972). It would be interesting to see 
if the shelled Testacella slugs have retained the multiplicity of gland cells to secrete and 
maintain their small external shell. 

Primary receptor cells occur sparsely over the dorsal surface and, more commonly, in the 
non-ciliated region of the foot. These are small ciliated cells and from their distribution might 
be mechanoreceptors. However, they may be sensitive to other stimuli and were not subjected 
to an intensive study. The structure of the receptors of the fresh-water pulmonates Lymnaea 
stagnalis and Biomphalaria pfeifferi is now well known (Zylstra, 1972), and seems to resemble 
that found in slugs. 

Slug skin lacks an arthropod-like cuticle and is not stratified as in mammals and so 1$ not 
structurally adapted to minimise water losses as many other terrestrial animals. It bears closer 
affinities to absorptive epithelia. Measurements show that the microvilli which throw the apical 
plasma membrane into a series of finger-like projections increase the surface area by about 5 
times, which is in agreement with the figures published by Lane (1963) for the slug Arion 
hortensis. 

lonic and water regulation in terrestrial pulmonates is accomplished principally, but perhaps 
not solely, by the kidney (Skelding, 1973). In aquatic pulmonates (and possibly terrestrial ones 
also) both the kidney (van Aardt, 1968) and skin (Greenaway, 1970, 1971) are important sites 
for ionic exchange. The epithelial cells of Lymnaea stagnalis can ingest ferritin by a process of 
endocytosis. Lysosomes are present in these epithelial cells (Zylstra, 1972). Lysosome-like 
bodies are also present in slug skin and may well be a source of enzymes used to digest the 
mucus present on the epithelial surface. Unlike Lymnaea, the Golgi bodies of the epidermal 
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FIG. 2 А. Section through the dorsal epithelium of Arion reticulatus. The epithelium is composed of cells 
with apical microvilli and interdigitating lateral plasma membranes. The well developed Golgi zone, G, is from 
a mucous-secreting cell, MG. Magnification: X3,800. В. Section through the foot of A. hortensis, in the 
non-ciliated zone shown in Fig. 1C. Magnification: X4,000. All material fixed in potassium permanganate. 
The arrows indicate the basal lamina. С, Golgi zone; MG, mucous gland; N, nucleus. 
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cells do not appear to show phosphatase activity, which might indicate that the apical 
lysosome-like bodies are not in fact lysosomes but pinocytotic vesicles containing phosphatases 
derived from the apical plasma membrane. Intense phosphatase activity was shown by the Golgi 
bodies of the ubiquitous muciparous gland cells which presumably generate these enzymes 
which are then secreted into the body of the mucous gland. 

Structurally, slug skin is very similar to fresh-water and other terrestrial pulmonates and has 
been shown to be permeable to water (Howes & Wells, 1934; Machin, 1964). The present work 
shows that slugs are enzymatically equipped to actively absorb both ions and water from the 
skin surface. It seems probable that other materials in free solution, like ions, carbohydrates 
and amino-acids, could also be absorbed through the skin surface. 

The cell junctions joining the epidermal cells are typical molluscan septate junctions (Newell 
& Skelding, 1973). They are not tight junctions as they have no zonula occludens, and it is 
probable that since phosphatase enzymes are distributed specifically along the junctions and not 
along other regions of the lateral plasma membrane, they are also involved in the active transport 
process. 

The mechanism by which they participate in solute transport is probably by an energy 
dependent sodium pump which can concentrate Nat ions into the extracellular space. Water 
would then flow osmotically into the spaces between the lateral plasma membranes and from 
there to the lymph spaces in the connective tissue underlying the skin (Fromter & Diamond, 
1972). 

When slugs are crawling on the soil surface, they are losing water by evaporation and by the 
production of mucus. Normally terrestrial molluscs are not food-limited, as they feed on a wide 
variety of materials which they digest very efficiently (Newell, 1970; Mason, 1971; Pallant, 
1974). It is thus unlikely that the energy lost by the production of mucoprotein is significant. 
But slugs are nocturnal animals that are only found in moist places. Both their geographical 
distribution and their behaviour suggests that water may be a limiting factor and an absorptive 
skin would enable these animals, and other terrestrial pulmonates, to resorb water secreted onto 
the skin surface by the mucous glands. It is possible that this mechanism only operates during 
periods of water stress and at other times the skin may not actively transport ions and so 
would become relatively impermeable to water. 
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FIG. 5. Reconstruction of slug skin showing the cell types observed in the present study. The primary sense 
cells (SC) are more common in the foot region. bl, basal lamina; с, cilia; g, glycogen; С, Golgi zone; В, 
haemocyanin; M, muscle; MC, mucous-secreting cell; N, nucleus; p, pores; PC, pore cell; SC, primary sensory 
cell; sj, septate junction. 
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FIG.4A. Low power micrograph through the dorsal epithelium of Arion reticulatus showing the distribution 
of phosphatase enzymes at pH 7. The arrows indicate Golgi zones in the mucous glands which give a strong 
positive reaction for these enzymes. Magnification: X6,100. B. Section through the ciliated region of the foot 
showing the distribution of ATPases at pH 7.4. Note the positive reaction in the septate junction region of 
the lateral plasma membranes. Magnification: X10,200. C. The ciliated region of the foot showing the 
deposition of reaction product in the junctional region of the lateral plasma membranes using Na 
B-glycerophosphate as a substrate at pH 5.0. Magnification: X 17,800. 
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FIG. 6. Reconstruction of slug foot showing ciliated and non-ciliated portions. Mucous glands are often very 
large in this region and such glands are not shown here. bl, basal lamina; c, cilia; CT, connective tissue; G, 
Golgi zone; M, muscle; MC, mucous-secreting cell; N, nucleus; sj, septate junction. 
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THE FINE STRUCTURE OF THE OSPHRADIUM OF BULL/A DIGITALIS 
MEUSCHEN (GASTROPODA, PROSOBRANCHIA) 


P. F. Newell! and A. C. Brown* 


Zoology Department, Westfield College, London NW3 7ST, England 
and 
*Zoology Department, University of Cape Town, Cape Town, 
Republic of South Africa 


ABSTRACT 


The structure of the osphradial leaflets of Bullia digitalis Meuschen was studied by 
both scanning and transmission electron microscopy. The various cell types that form this 
sense organ are described and illustrated. Innervated ciliated cells are described for the 
first time from this organ and the possibility that these ciliated cells may have both 
afferent and efferent synapses is discussed. 


INTRODUCTION 


Brown & Noble (1960) and Brown (1961a,b) using behavioural and surgical techniques have 
demonstrated that the osphradium of Bullia is chemosensory. Electrophysiological evidence on 
Buccinum undatum Linnaeus (Bailey & Laverack, 1963, 1966) confirmed the observations of 
Copeland (1918) and Brown & Noble (1960) that the prosobranch osphradium is a chemore- 
ceptor sensitive to both food extracts and amino-acids. 

The fine structure of prosobranch osphradia has been studied by Welsch & Storch (1969) 
and Crisp (1973). In the earlier work several receptor cells were recognised and the labelling 
applied to these receptors has been followed by Crisp. Both groups of workers show that the 
apical microvilli of the dominant cell type, the supporting cells, are convoluted and form an 
apical mat. The microvilli are often branched and Wright (1974a,b) shows a similar feature in 
the chemoreceptive head tentacle epithelium of the slug Arion ater. But these supporting cells, 
with the unusual apical microvilli, are not associated with nerve fibers and so are not identified 
as receptors cells. Instead, both in the prosobranch osphradium and the slug tentacle, narrow 
cells bearing cilia, or modified ciliary structures, are identified as the primary receptor cells; a 
conclusion supported by the studies on the osphradium of the freshwater pulmonate Planorbis 
by Benjamin (1971) and Benjamin & Peat (1971). 

Vertebrate taste receptors (Murray, 1971) show the development of an apical microvillous 
surface. They are secondary receptors innervated, in the rabbit, by branches of the 9th cranial 
nerve. In frog taste receptors Uga & Hama (1967) show that synaptic vesicles accumulate in the 
receptor side of the synaptic membrane. The hair cells from the cat cochlea are more complex 
(Echandia, 1967) and both efferent and afferent synapses occur at the base of the receptor 
cells. These can be identified by observing which side of the synapse the synaptic vesicles 
accumulate. However, the reliability of this method is open to doubt when this author 
emphasises that relatively few vesicles are found in the presynaptic cytoplasm of the cochlea 
receptors (afferent synapses). 

The present work forms part of a continuing study of Виа. The osphradium is a known 
chemoreceptor but no attempts have been made to identify the receptors involved. This paper 
presents results from the study of the fine structure of Bullia osphradium with some 
speculation concerning the functions of the different cell types described. 
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MATERIALS AND METHODS 


Scanning electron microscopy 


Live Bullia were flown to London, England, in moist beach sand contained in a polystyrene 
box. The animals arrived in excellent condition and became active on immersion in fresh 
seawater. No mortalities occurred during shipment. The animals were dissected and the 
osphradia were fixed first in 2% glutaraldehyde at 4°С made up in filtered seawater. The 
excised tissues were then washed in filtered seawater and post-fixed in 1% osmium tetroxide 
made up in filtered seawater and kept at laboratory temperature (approx. 20°С). The fixed 
osphradia were then dehydrated in a graded acetone series and critical point dried in a Polaron 
critical point dryer using acetone as the transfer fluid and replacing this with liquid carbon 
dioxide and drying with boiling water. Pictures were taken of the platinum and carbon coated 
material on a Cambridge scanning electron microscope. 


Transmission electron microscopy 


Adult specimens of Bullia digitalis were collected from Muizenberg beach near Cape Town 
and taken back to the laboratory in beach sand moistened with fresh seawater. Here the fresh 
animals were rapidly dissected and the excised osphradia were placed in 2% glutaraldehyde in 
filtered seawater at 4°C for one hour. After washing in cold filtered seawater the osphradia 
were placed in 1% osmium tetroxide in filtered seawater at laboratory temperatures (25°С) for 
one hour. The tissues were then dehydrated in a graded alcohol series and embedded in Araldite 
resin. Sections were cut on an LKB—Huxley microtome with a diamond knife. Contrast was 
enhanced by staining with Reynold's lead citrate and uranyl acetate dissolved in 50% ethanol. 


RESULTS 


The osphradium is an elongated bi-pinnate organ lying near the gill in the floor of the 
mantle cavity, directly below the opening of the siphon. The axis is a long ganglion, the 
osphradial ganglion, and the sensory leaflets arise from both sides of this axis and are attached 
at their base to the ganglion and along one edge to the floor of the mantle cavity. Its gross 
structure is similar to that in other prosobranch molluscs. In live preparations motile cilia can 
be observed on the lateral margins of the leaflets and also on the surface of the leaflets. 


Scanning electron microscopy 


Pictures obtained by this technique show several interesting features. The external surface of 
certain epithelial cells are covered with cilia. These appear to be arranged either as tufts 
(Fig. 1C) or as dense sheets (Fig. 1B). The dense sheets appear to bear longer cilia than the 
tufts. 

The remaining unciliated surface is smooth and is separated from the long cilia by a shallow 
groove (see Fig. 1B). The smooth surface has membrane-bound vesicles adhering to № in places 
which seem to contain a liquid secretion. Collapsed vesicles of this type are shown т Figs. 1E & 
F. The secretory cells have apical microvilli which show as a hexagonal pattern on the surface of 
the osphradial leaflet (Fig. 1F). 

: : 00 sr 

» 

FIG. 1. Scanning electron micrographs of the surface features of the osphradial leaflets. All material fixed in 
glutaraldehyde and osmium and the critical point dried. A, Micrograph of the distal portion of several 
osphradial leaflets. The arrow indicates a tufted ciliated cell which is enlarged т В. Magnification X 5,700. В, 
The solid arrow indicates a tufted ciliated cell and the open arrow a groove which separates the cells bearing 
apical microvilli and those with non-innervated cilia, which are found on the lateral margins of the osphradial 
leaflets. Magnification X1,000. C, Tufted ciliated cells and secretory cells overlaying the central axis of the 
osphradium, the osphradial ganglion. Magnification X850. D, The basal region of 2 osphradial leaflets at the 
point of junction with the central axis. Note the membrane-bound secretory vesicles of different sizes 
adhering to the surface of the epithelium. Magnification X1,500. E, Detail of the base of a tuft of cilia 


showing a collapsed secretory vesicle. Magnification X4,250. F, High magnification of the secretory vesicles 
and surface view of the microvilli of the secretory cells. Magnification X 14,850. 
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Transmission electron microscopy 


The whole of the osphradium in a freshly dissected Bullia is coloured with a black pigment 
that appears to be melanin. Melanophores are found in thin sections scattered throughout the 
surface epithelium of the osphradium (Fig. 2A) and they also have apical microvilli. 

The ciliated cells are of several types. The lateral ciliated cells which bear long cilia and 
occur in dense zones appear, in section, as typical ciliated cells (Fig. 2B). They have a well 
developed endoplasmic reticulum, large nuclei, and apically concentrated mitochondria. Septate 
junctions occur between the cells and the cilia have well developed basal bodies with moderate 
development of the striated rootlet fibers. The ciliated cells lie on a well defined basal lamina 
which separates these cells from the axial connective tissues. 

The tufted ciliated cells show features that distinguish them from many others found in 
molluscs. They are usually associated with a large nerve (Fig. 3). The cilia have well developed 
striated rootlet fibers and the cell is packed with many mitochondria. This arrangement leads to 
speculation about the function of these cells (see Discussion). Synapses between these nerves 
and the ciliated cells have been observed and synaptic vesicles have been positively identified т 
the nerve fibers. Some clear vesicles of approximately the correct size for synaptic vesicles have 
also been recorded from the cytoplasm of the isolated cilia bearing cells. However, these vesicles 
are not immediately opposed to the synaptic membrane. 

Other cells bear less well developed and obvious cilia, and are identical in appearance to the 
S3 cells of Welsch and Storch (1969) described from Buccinum. These are often elongate, dense 
cells (see Figs. 3, 4), which bear a degenerate cilium. The root seems normal, although we have 
found no well developed rootlet fibers and the axial fibers are present. However it appears that 
the ciliary shaft is very much reduced in length to form a peg-like structure. 

The supporting cells appear to be secretory and are cuboid with a series of different sized 
secretory vesicles pushing through their apical mat of convoluted microvilli. They have large 
nuclei, a well developed smooth endoplasmic reticulum and numerous electron dense bodies. 
These electron dense bodies have not been observed being secreted onto the surface of the 
osphradial leaflet. 

Mucous-secreting cells have also been observed in thin tangential sections, and thick araldite 
sections, and seem to be scattered throughout the osphradial leaflet. 

Certain other cells, the Type 4 cells of Welsch & Storch (1969) and the “onion” type cells 
of Crisp (1973) occur below the surface epithelium. These cells have concentric rings of 
endoplasmic reticulum when cut in certain planes and an alveolar structure when cut at right 
angles to the plane of the endoplasmic reticulum (Fig. 3). These cells often seem to be 
associated with the nerve fibers but do not, in Bullia, seem to have access to the surface as 
described by Crisp for other prosobranchs. 


DISCUSSION 


The published descriptions of prosobranch osphradia by Dakin (1912), Welsch & Storch 
(1969) and Crisp (1973) all point to the great similarity in morphology of these sense organs. 
The osphradium of Bullia does not differ significantly from any of these descriptions. It is 
possible, since the introduction of good methods for preparing soft tissues for scanning electron 
microscopy, to present a much clearer picture of the external morphology of the sensory area 
of the osphradium. It is obvious from Fig. 1 that the ciliated cells in Виа are not distributed 
as Dakin states for Buccinum as “a long narrow strip extending along both sides of the leaflet,”” 
and the sensory region cannot be “characterised as in the lamellibranchiata by an absence of 
cilia.” Crisp (1973) (quoted directly, but with our additions in brackets) has correctly noted 
that “a proportion of the indifferent [non-sensory] cells in this [sensory] region bear cilia, 
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FIG.2.A, Section through a region of the osphradial leaflet rich in pigment cells. The melanin shows as 
electron opaque membrane-bound material. Arrows indicate the basal lamina. Magnification X2,500. B, 
Section through the ciliated cells which are found on the lateral margins of the osphradial leaflets. Note the 
absence of large nerve bundles. Magnification X2,500. CT, connective tissue. 
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FIG. 4. Reconstruction of a vertical section through the osphradial leaflet. CT, connective tissue; M, muscle; 
MC, mucous-secreting cell; N, nucleus; P, pigment granule; S, membrane-bound secretory droplet; SC, 
primary receptor cell; Si 4, onion cell; SJ, septate junction. 
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FIG. 3. Vertical section through a tufted ciliated cell. Note the large nerve at the base of the cell. 
Magnification Х4,400. С, tufted ciliated cell; N, nucleus; Si 4, onion cell; В, primary receptor cell. 
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which can be seen in fresh preparations to be motile.’’ Unpublished scanning electron 
micrographs (PFN) of Buccinum confirm that this animal has isolated tufted ciliated cells 
similar to those of Виа. However, this feature of the prosobranch osphradium has not been 
described by other authors. 

The most interesting feature of the tufted ciliated cells is that they appear to be innervated 
by a large nerve. Synapses have been found and vesicles corresponding to those described by 
Rosenbluth (1963) in Ap/ysia, Gerschenfeld (1963) for various pulmonates, Benjamin & Peat 
(1971) for Planorbis and Wright (1974) for Arion are present in the nerve fibers. This 
arrangement could enable the beat of the ciliary tufts, and so the current of water across the 
sensory surface, to be controlled centrally. Our results show that synaptic vesicles are present in 
the nerve fibers, indicating an efferent nervous supply, but we cannot be so certain that they 
are also present in the cytoplasm of the ciliated cells. Several micrographs show clear vesicles 
enclosed within membranes but these could be any other membrane-bound cellular product. 
Echandia (1967) found that the outer hair receptor cells from the cat cochlea showed few 
synaptic vesicles within the presynaptic cytoplasm. In other words, a similar distribution of 
synaptic vesicles as the tufted cilia bearing cells of Bullia and the fact that the mammalian 
outer hair cells are receptors is beyond dispute. It thus seems that the tufted ciliated cells 
described in this paper are innervated ciliated cells which pump water across the face of the 
sensory area. In addition they may also be secondary receptors responsible for either 
chemoreception or mechanoreception. 

Primary receptor cells are also found in the osphradial leaflet. They are of the Type 3 sense 
cells (Si 3) of Welsch & Storch (1969) which seem to occur widely in other molluscs (Crisp, 
1971, 1973; Zylstra, 1972). All these cells seem to form axons basally and have a cilium, or 
modified ciliary structure, apically. Cells similar to these have been described as chemoreceptors 
by both Zylstra (1972) and Wright (1974b). Both Welsch & Storch (1969) and Crisp (1973) 
assign the role of chemoreception to other receptor cells. 

The other cells bearing cilia, the ciliated area of Dakin (1912) are the Si 2 cells of Welsch & 
Storch (1969) who regard them as chemosensory. In Bu//ia these are not innervated and do not 
appear to be sensory. From both scanning and transmission electron micrographs the epithelium 
in this region appears to be homogeneous. 

The junction between the ciliated zone (Si 2 cells) and the sensory region is marked by a 
shallow groove as noted by Crisp (1973). It has been possible to relate certain cell types with 
this groove, but only in the cases of the Si 1 and Si 2 cells, as one might expect, as the groove 
marks the boundary between the lateral ciliated cells and the sensory region. The Si 4 cells 
seem to be more widely distributed within the osphradial leaflet of Bu//ia than any of the other 
prosobranchs described by Crisp (1973). These cells might be chemosensory, as suggested by 
Crisp, but their close association with nerve bundles might also indicate a structural mainte- 
nance function. 


ACKNOWLEDGEMENTS 


To Professor John Day for enabling PFN to use the facilities of the Zoology Department at 
the University of Cape Town, Mr. J. Dale, Medical Faculty, University of Cape Town for use of 
a transmission electron microscope for a preliminary survey of the osphradial leaflets. To the 
Royal Society for a Travelling Fellowship to PFN. Technical assistance for the SEM pictures 
from Miss V. Cowper, Board of Studies in Zoology SEM facility, Bedford College, London and 
Mrs. M. Petri for her work with the TEM material at the Biological Electron Microscope Unit, 
Westfield College, London. 


REFERENCES 


BAILEY, D. F. & LAVERACK, M. S., 1963, Central nervous responses to chemical stimulation of a 
gastropod osphradium. Nature, Lond. 200: 1122-1123. 

BAILEY, D. F. & LAVERACK, M. S., 1966, Aspects of the neurophysiology of Buccinum undatum L. 
(Gastropoda), 1. Central responses to stimulation of the osphradium. J. exp. Biol., 44: 131-148. 

BENJAMIN, P. R., 1971, On the structure of the pulmonate osphradium. 1. Cell types and their organisation. 
Z. Zellforsch. mikrosk. Anat., 117: 485-501. 

BENJAMIN, P. В. 8: PEAT, A., 1971, On the structure of the pulmonate osphradium. Il. Ultrastructure. 2. 
Zellforsch. mikrosk. Anat., 118: 168-189. 


NEWELL AND BROWN 205 


BROWN, A. C., 1961a, Physiological-ecological studies on two sandy-beach Gastropoda from South Africa; 
Виа digitalis Meuschen and Bullia laevissima (Gmelin). 2. Morph. Okol. Tiere., 49: 629-657. 

BROWN, А. С., 1961b, Chemoreception in the sandy-beach snail Bullia. $. Afr. J. Lab. с/т. Med., 7: 160-161. 

BROWN, А. С. & NOBLE, В. G., 1960, Function of the osphradium in Bullia (Gastropoda). Nature, Lond., 
188: 1045. 

COPELAND, M., 1918, The olfactory reactions and organs of the marine snails Alectrion obsoleta (Say) and 
Busycon canaliculatum (Linn.). J. exp. Zool., 25: 177-227. 

CRISP, M., 1971, Structure and abundance of receptors of the unspecialised external epithelium of Nassarius 
reticulatus (Gastropoda, Prosobranchia). J. mar. biol. Assoc. U.K., 51: 865-890. 

CRISP, M., 1973, Fine structure of some prosobranch osphradia. Mar. Biol., 22: 231-240. 

DAKIN, W. J., 1912, Висстит, (the Whelk). L.M.B.C. Меть. typ. Br. mar. Pl. Anim., 20: 1-107. 

ECHANDIA, Е. L. R., 1967, An electron microscopic study on the cochlea innervation. 1. The 
recepto-neural junctions at the outer hair cells. 2. Ze//forsch. mikrosk. Anat., 78: 30-46. 

GERSCHENFELD, H. M., 1963, Observations on the ultrastructure of synapses in some pulmonate molluscs. 
Z. Zellforsch. mikrosk. Anat., 60: 258-275. 

MURRAY, R. G., 1971, Ultrastructure of taste receptors. /n: Handbook of sensory physiology vol. 4, 
Chemical senses, Part 2. Taste p 31-50. Ed. Beidler, L. M., Springer-Verlag, Berlin. 

ROSENBLUTH, J., 1963, The visceral ganglion of Aplysia californica. Z. Zellforsch. mikrosk. Anat., 60: 
213-236. 

UGA, S. € HAMA, K., 1967, Electron microscopic studies on the synaptic region of the taste organ of carps 
and frogs. J. Electron Microsc., 16: 269-276. 

WELSCH, Ц. & STORCH, V., 1969, Uber das Osphradium der prosobranchen Schnecken Висстит undatum 
L. und Neptunea antiqua (L.). Z. Zellforsch. mikrosk. Anat., 95: 317-330. 

WRIGHT, В. R., 1974a, Sensory structure of the tentacles of the slug, Arion ater (Pulmonata, Mollusca). |. 
Ultrastructure of the distal epithelium, receptor cells and tentacular ganglion. Се// Tiss. Res., 151: 
229-244. 

WRIGHT, В. В., 19746, Sensory structure of the tentacles of the slug, Arion ater (Pulmonata, Mollusca). I. 
Ultrastructure of the free nerve endings in the distal epithelium. Се//. 7/55. Res., 151: 245-257. 

ZYLSTRA, U., 1972, Distribution and ultrastructure of epidermal sensory cells in the freshwater snails 
Lymnaea stagnalis and Biomphalaria pfeifferi. Neth. J. Zool., 22: 283-298. 


WO 22) OMA Y DIAS 


ec ern Chor nes sei: erinnere 
| O on ¿doc sa Ao 


© WAR ve Pa PO th TETE GAS UN 
и? na DA 10 поли 


а N ве 

he À OS A des Lott wii 

pont Hi № faite 10 SABONLUOE aná “urs 
yy) $ mae | TR era PSE 

warn don Die оО ar A 
MEN хм Wo aft! оперы 


ы duos ум саги A ХО «Hu 
FINOS „. Û 401 # «В uno; 
TE 5 4 4 Mie O v4: sf" 
CAES OC CNET AMOR 
mama srta loc sruinwiiee wan: > 
us 4 zu, pase?) 2221 
` hs ъ ' 
В j r + m ET < 
' $ 
А %{ 
% GOR y 
, р is j $: 
eno ba a ER Er 
м мы "m Jene 4 
‘+ give serail) Sie y 
tite 
+ 
à т 
apa 
¢ L AV y 
dis . fr ea yon 
ow т ' 
= 


MALACOLOGIA, 1977, 16(1): 207-209 


PROC. FIFTH EUROP. MALAC. CONGR. 


L'ALIMENTATION D'APL YS/A PUNCTATA CUVIER 
(GASTROPODA, OPISTHOBRANCHIA) DANS LA RIA DE VIGO (GALICE) 
I-ANALYSE DU CONTENU DIGESTIF D'INDIVIDUS 
DE LA ZONE INTERTIDALE 


Е. X. Мей 


Instituto de Investigaciones Pesqueras, Muelle de Bouzas, Vigo, Espagne 


ABSTRACT 


Gut contents of Ap/ysia punctata from the intertidal level of the Ria of Vigo were 
studied in 33 individuals of this species. Qualitative determinations were made with 
non-sophisticated histological methods. Frequency and abundancy of different species 
were determined. Values of abundance were obtained by means of repeatedly point 
presency system. Gigartina acicularis, Ulva gigantea, Enteromorpha (several species), 
Gelidium pulchellum and Laurencia pinnatifida were the species more frequently present. 


INTRODUCTION 


Le cycle de croissance d’Ap/ysia punctata s'accomplit, dans la Ria de Vigo, en trois phases: 
la premiere dans la zone sublittorale, après la naissance, a la fin d’ete; la seconde dans l'horizon 
d'Himanthalia elongata (individus de plus de 30mm de long) pendant l'hiver, et la troisième 
dans l'horizon de Fucus vesiculosus (individus plus grands de 120 тт) du printemps a l’ete, 
dans cette dernière époque les animaux ont une plus grande mobilité que pendant les périodes 
dans lesquels restent confines dans les horizons inferieurs. 

Le régime alimentaire d’Ap/ysia punctata est herbivore (Carefoot, 1967a,b), l'espèce 
s'alimente d'un nombre tres varié d'algues. 

Les etudes de Carefoot (1967a,b) ont ete faites avec individus du niveau sublittoral. Notre 
intérêt est plutôt connaître la nourriture des individus de l’espace intertidal. 


MATERIEL ET METHODES 


Nos Aplysia ont été captures à la main pendant la marée basse à Vigo, dans le NW de 
l'Espagne, а l'horizon de Fucus vesiculosus. 

En arrivant au laboratoire les appareils digestifs étaient extraits et vides dans une boîte de 
Petri, puis leur contenu etait observe à la loupe estheroscopique et, chez les espèces où il le 
fallait, au microscope. 

Les études histologiques des algues ont été faits sans aucune technique spéciale, en coupes 
microscopiques à la main ou avec un microtome de congelation. 


EVALUATION QUANTITATIVE 


Nous avons fait une evaluation de fréquence (par presence de chaque espèce d'algue expresée 
en pourcentage sur le total d’appareils digestifs etudies). 

L'abondance c'est la moyenne des pourcentages sur le contenu total de chaque espece dans 
les appareils digestifs où nous l'avons trouvee. 

Ces valeurs d’abondance ont ete obtenues en divisant en subechantillons les contenus, dans 
lesquels on a seulement constate la presence de chaque espece. 

La methode a été tiree de Poissonet (1968) et elle donne une idee de la probabilite 
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d'existence de l'espéce dans le collectif étudié. Cette methode a été utilisée par nous-mêmes, 
Salgado & Niell (1974), dans d'autres études où la separation et le denombrement des individus 
etaient difficiles. 

Si le numero d'echantillons etudies est grand, la frequence s’aprochera au recouvrement 
(Greig-Smith, 1964). 

A côte des moyennes d'abondance nous avons exprimé les valeurs de la variance que peuvent 
étre utilisées pour en obtenir une appreciation de signification des valeurs des moyennes. 


RESULTATS 


Les especes que nous avons trouvees dans les contenus digestifs ont ete codifiees dans la 
Table I, ainsi que les valeurs d’appreciation d’abondance referees dans les methodes. 

La plupart des contenus digestifs etaient composes par matiere organique pas identifiable 
(40-70% d’abondance), et en plus on a trouve sporadiquement quelques animaux qui habitent 
parmi les algues ingerees et d’autres sessiles (surtout colonies d’antozoaires et briozoaires) avales 
par hazard. 


TABLE 1. Appréciation des abondances des espèces dans l'analyse des contenus digestifs d’Ap/ysia punctata. 


e ze zz —— 


Frequence Movenne % Variance 
Especes % presence abondances abondances 
1 Entermorpha intestinalis 3.03 10 — 
2 Enteromorpha compressa 9.09 1.33 0.47 
3 Enteromorpha ramulosa 6.06 15.00 5.0 
4 Ulva gigantea 60.61 11.89 13.98 
5 Sphacelaria plumula 3.03 2.0 _ 
6 Sphacelaria cirrosa 3.03 1.0 _ 
7 Sphacelaria furcigera 3.03 1.0 - 
8 Cladostephus verticillatus 30.30 4.8 5.59 
9 Halopteris scoparia 84.85 35.75 30.43 
10 Cystoseira tamariscifolia 6.06 mS 2.5 
11 Rhodochorton purpureum 3.03 20.0 — 
12 Gelidium pusillum 69.70 7.84 5.18 
13 Pterocladia pinnata 15.15 9.40 7.0 
14 Caulacanthus ustulatus 6.06 1.0 1.41 
15 Corallina mediterranea 6.06 11.0 1.0 
16 Jania rubens 9.09 2.0 1.9 
17 Grateloupia filicina 6.06 21.0 1.9 
18 Halarachnion ligulatum 6.06 1.0 — 
19 Plocamium coccineum 6.06 7.5 2.5 
20 Calliblepharis jubata 24.24 37 4.47 
21 Gymnogongrus sp. 3.03 1.0 = 
22 Gymnogongrus griffitsiae 30.30 4.4 2.93 
23 Chondrus crispus 15.15 4.83 2.67 
24 Gigartina acicularis 87.88 25.8 32.46 
25 Gigartina teedi 9.09 7.0 2.94 
26 Lomentaria articulata 6.06 1.0 — 
27 Champia parvula 24.24 1.0 _ 
28 Gastroclonium ovatum 1212 2.5 1.18 
29 Asparagopsis armata 3.03 1.0 -- 
30 Falkenbergia ruffolanosa 3.03 1.0 _ 
31 Ceramium echionotum 27:21 5.71 3.10 
32 Ceramium acanthonotum 3.03 1.0 0.0 
33 Ceramium ciliatum 36.36 4.66 2.65 
34 Ceramium rubrum 36.36 3.08 2.74 
35 Ceramium gracillimum 3.03 1.0 = 
36 Nitophyllum bonnemaisoni 6.06 15 0.5 
37 Acrosorium uncinatum 3.03 1.0 -- 
38 Polysiphonia thuyoides 6.06 1.0 = 
39 Chondria coerulescens 3.03 2.0 _ 
40 Chondria scintillans 3.03 1.0 = 
41 Chondria dasyphylla 3.03 1.0 = 
42 Laurencia hybrida 3.03 11.66 6.23 
43 Laurencia obtusa 45.45 4.26 2.48 
44 Laurencia pinnatifida 90.91 6.30 9.91 
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CONCLUSIONS 


A la vue de la Table | les conclusions sont tres explicites, cependant nous en remarquerons 
quelques unes et nous essayerons de faire une comparaison avec celles de Carefoot (1967a,b). 
On constate une preference pour les especes cespiteuses et filamenteuses (9, 12, 17, 24, 31, 32, 
42, 43 et 44). C'est generalisee la presence de Gigartina acicularis (24), Ulva gigantea (4), 
Gelidium pulchellum (19), Halopteris scoparia (9) et Laurencia pinnatifida (44) qui sont propres 
du niveau littoral moyen dans la Ría de Vigo. 

Il y a aussi quelques especes qu'on trouve frequemment le littoral inferieur; importants — 
d'apres Carefoot (1967a,b) — pour la biologie de l'espèce. 

Selon cet auteur, Ap/ysia punctata prefere les Enteromorpha sur les Ulva. Nous ne nous en 
doutons pas mais nous avons obtenu des valeurs d’abondance plus hautes pour le deuxieme 
genre que pour celles du genre Enteromorpha, peut-&tre, parce que les ingestes de U/va gigantea 
sont plus reconnaissables que ceux des Enteromorpha. 

Il faut répéter les experiments de preference pour voir à chaque moment du cycle biologique 
d'Aplysia punctata les resultats a chaque latitude. A notre avis, la physionomie tout a fait 
differente et la plus grande richesse d'especes doivent conditioner les preferences alimentaires 
d'A. punctata dans l'espace intertidal de la Ria de Vigo d'une fagon differente que dans les 
cótes du Royaume Uni. 
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NEOGENE MOLLUSCA OF THE'TJORNES SEQUENCE, ICELAND: 
PALEOECOLOGY, ZONATION, CORRELATION 


P. E. P. Norton 


Glasgow University, Scotland 


ABSTRACT 


The Tjórnes sequence should be divided into 3 Zones. Tapes Zone, Horizons 1-6 of 
Bdrdarson (1925). Mactra Zone, Horizons 7-12 of Bdrdarson; these 2 are considered 
Upper Pliocene. The Serripes Zone (Horizons 13-23) begins at the base of Hor. 13, not at 
13/3 of Strauch (1963), and is Lower Pleistocene. A fuller account will be published 
elsewhere (Norton, in press). 


From paleoecological and depositional considerations the following zonation of the Tjörnes 
sequence, substantially that of Bardarson (1925) is suggested. 

Tapes Zone, zone of Venerupis aurea (Gmelin), equivalent to Bardarson’s Horizons 1-6. Plant 
trash and gravels (interpreted as beach gravels) associated with Horizon 1, below Horizon 2 at 
Tungugerdishofdi and below Horizon 3 at Egilsjota indicates shallow marine conditions. 
Non-marine conditions occurred five times in this sequence, when lignites were deposited above 
and below Horizon 1 and above Horizons 2, 3 and 5. The molluscan assemblages, except in 
Horizon 1 and 3, are poor in littoral forms; those which occur — Mytilus edulis L, ‚Cingula 
semicostata (Montagu) — indicate the presence of rocks and seaweeds. Otherwise the shells seem 
to have come from clay, mud, sand and gravel below the intertidal region, been washed up, and 
deposited intertidally. At the top of Horizon 5, in Reka, the shells include Cardium ciliatum 
Fabricius, deposited close to its living place; at other places they are allocthonous. The Mollusca 
are of boreal type except for C. ciliatum (arctic affinity). 

Mactra Zone, zone of Spisula arcuata (Sowerby), Arctica islandica (L) and Lentidium 
complanatum (Sowerby), Bardarson’s Horizons 7-12. At Horizon 7 the arrival of Spisula arcuata 
is clearly marked (it is not seen above Horizon 13/1); it is recorded in Horizon 5 but this may 
refer to downfaulted material beside the Века fall. Horizons 7, 8, 9, 10 and 11 show evidence 
of littoral or near-littoral deposition, with gravelly deposits, bruchschill, plant trash and 
barnacles. Non-marine conditions are shown by lignite formation above Horizons 7 and 9. The 
shells are interpreted as washed out from below the intertidal zone so far as is known. They are 
of sublittoral or infralittoral species except the littoral forms Cingula semicostata in Horizon 7b 
and Mytilus edulis (in Horizon 10, lower part). 

It is considered that the climatic conditions interpreted from the Tapes Zone continued into 
the Mactra Zone. The Mollusca in both are of low-arctic and boreal affinity. In both Zones the 
monotony and impoverishment of the assemblages indicates the existence of open-coast without 
a great variety of molluscan habitats. The paleoecological implication of the arrival of Spisula 
arcuata and disappearance of Venerupis aurea at the boundary is not clear since $. arcuata is 
extinct. In Horizon 11 Macoma praetenuis (Leathes) is first recorded. It becomes more frequent 
in Horizon 13. The top part of Horizon 11, and Horizon 12, are interpreted as having formed 
during a period of changing climatic conditions leading to the establishment of the fauna 
characteristic of the next Zone. 

The Tapes Zone and Mactra Zone are best correlated with the Upper Pliocene of the North 
Sea Basin; Lentidium complanatum and Spisula arcuata are common in the top Pliocene (zone 
of Nassarius propinquus) in the Netherlands, but are not common in the Netherlands 
Pleistocene. Spisula arcuata and L. complanatum occur in the Coralline Crag (Pliocene) of East 
Anglia and are described by Harmer as characteristic Coralline Crag forms, occurring also in the 
Waltonian Red Crag (Pleistocene). They are common in the Red Crag Series. Spisula arcuata is 
recorded also from the Norwich Crag Series (Early Pleistocene), but has never been seen there by 
modern workers. 
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Serripes Zone, zone of Serripes groenlandicus Brugiere, Macoma praetenuis, Bela borealis 
(Reeve), Horizons 13 to 23. The Zone boundary is placed at the base of Horizon 13, not 
between Horizons 13/1 and 13/3 of Strauch. The fauna of 13/3 is mainly derived from 13/1, 
with the formation of an Arctica islandica bruchschill and erosion of the underlying sandstone 
13/2. Spisula arcuata is found т 13/1, $. groenlandicus in Hor. 13/3. 

Macoma praetenuis (now extinct) and Serripes groenlandicus (apparently immigrating from 
the N. Pacific) form the basis of the assemblages throughout the Zone. Macoma praetenuis, 
from Horizon 13/3 onwards, comprises not less than 25% of the individuals counted. The 
accompanying fossils are boreal forms also with a low-arctic distribution. Ве/а borealis is 
extinct. The assemblages become progressively more diverse than those of the previous Zones. 
More sublittoral communities are represented, especially by gastropods. Thus the open-coast 
conditions of the Tapes and Mactra Zones were replaced in the Serripes Zone by more sheltered 
and deeper-water conditions in which flourished a wider range of communities. Diversification 


NORTON 213 


continues up to Horizon 19 (main layer) then the assemblages become less diverse, indicating 
impoverishment of the fauna and intertidal conditions from Horizon 20 onwards. The Horizon 
22 assemblage may indicate the re-establishment of open-coast, sandy conditions. Horizon 23 15 
regarded as a littoral deposit. 

The Serripes Zone is correlated with the Lower Pleistocene of the North Sea Basin. Serripes 
groenlandicus 1$ characteristic of the Lower Pleistocene, Zone of Serripes groenlandicus, 
of the Netherlands (but not of the Pliocene there). № occurs first in the Butleyan Red Crag 
(Pleistocene) of the East Anglian sequence and is regarded by Harmer as characteristic of the 
Butleyan and Icenian. Macoma praetenuis occurs in the East Anglian sequence first in the 
Waltonian (base of Pleistocene) and in the Belgian Sands of Kallo (Upper Pliocene)—note that it 
comes into the Tjörnes sequence at Horizon 11, Mactra Zone. Bela borealis is probably the 
same as Harmer's В. turricula, noted by him as characteristic of the Norwich Crag Series 
(Norwich Horizon—Lower Pleistocene) and also in the Butleyan Red Crag (Lower Pleistocene). 

Since radiometric and paleomagnetic comparisons between Tjörnes and the North Sea Basin 
are lacking, it is not possible to say whether the faunal similarities just mentioned are due to 
synchronous deposition of both sequences within one wide-ranging faunal province, or to 
diachronous deposition involving southward migration of a more narrowly-ranging one. For 
reasons given elsewhere, the writer inclines to the former suggestion. 
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LES “CITRI” DE LA “MAR PICCOLO” DE TARENTE (LES MOLLUSQUES) 


Pietro Panetta 


Istituto Sperimentale Talassografico di Taranto, Italia! 


ABSTRACT 


In the “Mar Piccolo,'* a small coastal lagoon of Taranto, Italy, there are submarine 
sources of fresh water (citri), which influence the hydrographic characters of the lagoon. 
On the neck of the “citri”” only a few species (but with very numerous specimens) live, 
such as Venerupis aurea (Gmelin), Venericardia antiquata (Linnaeus), Corbula gibba 
(Olivi), etc., due to the difficult conditions of the habitat. 


La partie la plus septentrionale du Golfe de Tarente (Italie) forme la “Mar Grande,” qui 
communique par deux canaux avec la “Mar Piccolo,” resseree entre les terres. Elle a une surface 
de 20 kms, un volume de 151 millions de metres cubes et une profondeur moyenne de 7 metres. 
Un étranglement divise la “Mar Piccolo” en deux bassins appelés 1ère et 2ème anse (1 e 2 
seno). La deuxieme anse, plus interieure, est 1 fois 1/2 plus etendue que la premiere, mais les 
volumes des deux anses sont encore plus accentuees dans la deuxième anse, plus interieure, 
profonde de 6 a 9 metres. (Fig. 1) 

Dans le territoire de Tarente se trouve une étendue de couche d'eau douce, située dans les 
formations calcaires du Cretace Superieur. Les couches du Calabrien-Sicilien, recouvrant la 
couche cretacee, empêchent la defluxion normale de l'eau. Les couches dominantes, sur le fond 
de la “Mar Piccolo’’ étant minces et fracturées, donnent origine a des sources sous-marines d'eau 
douce, appelees localement ‘‘Citri,’’ situees dans la zone septentrionale des deux bassins. La 
plupart des “citri”” ne sont pas intarissables parce que leur debit se rapporte a la quantite des 
pluies tombées sur les “Murges.”” Cerruti (1938) en a comté a peu pres trente dont les plus 
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FIG. 1. Le “Mar Piccolo’ de Tarente. 


Present address: Istituto Talassografico, via Roma 3, 74100, Taranto Italia. 
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grands sont le “Citro Galeso”” et le *“Citro le Корге.” Ces deux “Citri'” paraissent sur la surface 
de la mer d'une maniere caracteristique. L'eau douce sortant avec violence de l’orifice, arrive en 
surface en gargouillant et en formant une large tache bien visible, quand soufle le vent du Nord. 

Le “Citro Galeso,”” place a peu pres a 250 m du bord de la 1ère anse, dont l'inclinaison du 
fond marin a un denivellement d’a peu pres trois metres, est constitue par une depression évasee, 
aux parois escarpees (environ 20 т de diametre et 18 т de profondeur). Cette depression est 
environnee de vase, tres repandue dans le “Mar Piccolo.” Le parois du “Citro,” a la pente est 
douce, sont entierement recouvertes par des tests de Lamellibranches et de Serpulides. L’eau 
douce coule au niveau de divers épaves et des crêtes de roches. Il existe sur le fond du *“*Citro”” 
une grotte, d’ou sort le jet principal qui se divise en trois parties, l'ouverture de la grotte s’etant 
ecroulee et etant recouverte de nombreuses pierres. A l'interieur de la source principale la 
temperature est de 18°C, la salinité de 2.5 g /oo et le debit de 0.75 mc. (Stefanon, 1969). La 
colonne d'eau en sortant se mélange a la couche euryhaline, et dans tout le ‘’Citro”’ la salinite 
est de 35g /oo. Dans la tableau 1êre sont rapportées les valeurs moyennes des données 
hydrographiques (1970-71) de la 1ère anse et du ‘‘Citro Galeso.’’ Nous remarquons que l'apport 
d'eau douce donne à la zone environnant le “Citro”” un caractère euhalin. Le ‘’Citro’’ a une 
fonction thermoregulatrice en rechauffant les eaux en hiver et en les refroidissant an ete. La 
richesse des sels nutritifs et le continuel echange provoquent un developpement remarquable du 
plancton et du benthos. Sur le bord de la depression se developpe une abondante quantite de 
Gracilaria dura, С. confervoides et de petit buisson de Caulerpa prolifera et de Cymodocea 
nodosa. Ainsi qu’une importante population constituee de Hinia costulata (Renier), Gibbula 
adansoni (Payraudeau), С. ardens (von Salis), Tricolia tenuis (Michaud), Turboella parva (Da 
Costa), Bittium reticulatum (Da Costa), Amyclina corniculum (Olivil), etc. 

Sur les parois du “'Citro” s'accumulent de nombreuses coquilles de Mollusques dont les 
espèces sont rapportées dans le Tableau 2. Dans cet habitat, se developpe, étant donne les 
conditions particulieres, une faune typiquement euryhaline, qui repond aux rudes conditions du 
milieu. Celui-ci impose une sélection si forte que peu d’organismes supportent un transport 
passif et s’acclimatent dans ces eaux. Le nombre reduit des especes ne signifie generalement pas 
une reduction proportionneile de la biomasse, car le peu d'especes compensent leur petit nombre 
par un foisonnement d'individus. (Sacchi, 1973). Remarquables sont les colonies de Venericar- 
dia antiquata (Linnaeus) (93 individus/mc, 567 g/mc), Venerupis aurea (Gmelin) (100 ind./mc, 
81 g/mc), Corbula gibba (Olivi) (4042 ind./mc, 850 g/mc). Les especes accompagnatrices sont: 
Trunculariopsis trunculus (Linnaeus) (10 ind./mc, 12 g/mc), Murex brandaris Linnaeus (5 
ind./mc, 20 g/mc), Sphaeronassa mutabilis (Linnaeus) (4 ind./mc, 1.6 g/mc), Nucula nucleus 
Linnaeus (4 ind./mc, 1.26 g/mc), Mantellum inflatum (Chemnitz) (2 ind./mc, 0.44 g/mc), 
Loripes lacteus (Linnaeus)(8 ind./mc, 2.8 g/mc), Cerastoderma glaucum (Bruguiere) (10 ind./mc, 
3 g/mc), Dosinia exoleta (Linnaeus) (2 ind./mc, 6 g/mc), Venus verrucosa Linneaus (2 ind./mc, 
1.42 g/mc), Psammocola depressa (Pennant) (2 ind./mc, 1.18 g/mc), Gastrana fragilis (Linnaeus) 


TABLEAU 2 

Mollusca Citro Galeso Citro Kopre 
Gastropoda 
Diodora graeca Fe 
Diodora gibberula Mere 
Gibbula adansoni ++ ++ 
Gibbula ardens ++ DE 
Monodonta articulata ++ 
Tricolia tenuis ++ + 
Alvania cimex ++ 
Turboella parva ++ 
Bittium reticulatum ++ ++ 
Gourmya vulgata ++ Е 
Соигтуа rupestris ++ Lut 
Trunculariopsis trunculus ++ HE 
Murex brandaris ++ fury 
Ocinebrina aciculata ++ 
Mitrella scripta ++ ++ 


Columbella rustica ++ 
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TABLEAU 2 (continuer) 


et ss —————______--OOOAOA/X/<ÉKá 


Mollusca Citro Galeso Citro Kopre 
Euthria cornea ++ ++ 
Pisania striata ++ ++ 
Amyclina corniculum ++ ++ 
Sphaeronassa mutabilis ++ ++ 
Cyclope neritea ++ ++ 
Hinia reticulata ++ 
Hinia costulata ++ ++ 
Hinia incrassata ++ 
Hinia pygmaea ++ ++ 
Fusinus rudis ++ + 
Fusinus syracusanus ++ ++ 
Mitra ebenus ++ 
Gibberula miliaria ae 
Gibberula philippii ++ 
Bellaspira septangularis ++ 
Cythara rugulosa -- 
Conus mediterraneus ++ a 
Bulla striata + 
Haminea hydatis ++ ++ 
Odostomia conoidea ++ 
Scaphopoda 
Dentalium inequicostatum ++ ++ 
Dentalium rubescens ++ 
Bivalvia 
Nucula nucleus ++ HE 
Arca поае ++ 
Striarca lactea -- 
Modiolus barbatus ++ ++ 
Mytilus galloprovincialis ++ ++ 
Chlamys varia ++ ++ 
Protopecten glaber ++ ++ 
Mantellum inflatum ++ oa 
Anomia ephippium ae ++ 
Lopha stentina ++ 
Ostrea edulis ++ ++ 
Venericardia antiquata ++ ++ 
Cardita trapezia ++ 
Diplodonta rotundata ++ 
Loripes lacteus ++ ++ 
Loripinus fragilis ++ 
Mysella bidentata ++ 
Chama gryphoides ++ ++ 
Parvicardium exiguum ++ ++ 
Cerastoderma glaucum ++ ++ 
Papillicardium papillosum ++ 
Rudicardium tuberculatum ++ 
Sphaerocardium paucicostatum ++ +t: 
Gouldia minima ++ 
Pitar rude ++ 
Dosinia exoleta ++ 
Dosinia lupinina ++ + 
Venus verrucosa ++ ++ 
Venerupis aurea ++ sit 
Venerupis decussata ++ ++ 
Petricola lithophaga ++ 
Psammocola depressa ++ ++ 
Gastrana fragilis ++ + 
Tellinella distorta ++ Fr 
Abra alba ++ ++ 
Abra ovata ++ ++ 
Solen marginatus Е 
Hiatella arctica er 
Corbula gibba ++ ++ 


Rocellaria dubia ++ 
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(13 ind./mc, 2.9 g/mc), Tellinella distorta (Poli) (2 ind./mc, | 1.4 g/mc), Abra alba (Wood) (6 
ind./mc, 2.6 g/mc). Les échantillons ont ete recueillis avec la drague et le “Pettersen.” 

Le “Citro le Kopre” est situé au Nord-Est de la 2ете anse, а 1100 m de la riviere ‘’Cervaro,” 
sur un fond de 7 m. La depression évasée a les mêmes caracteristiques que le “Citro Galeso,” 
mais il se différencie par ses plus grandes dimensions (35 т de diametre et 40 т de profondeur) 
et par ses parois tres inclinees, environ 70 degres, constituees par un chaos de petits fragments 
rocheux et de blocs d'argile, de tests de Mollusques et de Serpulides envases. 

Les moyennes des données hydrographiques (Tableau 3) de la 2ème anse, et celles du “Citro 
le Kopre’’ montrent que l'action vivificatrice du “‘Citro’’ est moindre dans les conditions les 
extrêmes de la 2ème anse par rapport а la 1ère, de sorte que le nombre des especes est plus 
reduit. En effet, il manque Cardita trapezia (Linnaeus), Diplodonta rotundata (Montagu), 
Gouldia minima (Montagu), Dosinia exoleta (Linnaeus), et Venericardia antiquata (Linnaeus). 
Seulement Venerupis aurea (Gmelin) 485 ind./mc, 300 g/mc) et Corbula gibba (Olivi) (3435 
ind./mc, 830 g/mc) dominante sur Loripes lacteus (Linnaeus) (10 ind./mc, 4.5 g/mc), Cerasto- 
derma glaucum (Bruguiere) (4 ind./mc, 0.5 g/mc), Abra alba (Wood) (16 ind./mc, 1.24 g/mc) et 
Trunculariopsis trunculus (Linnaeus) (10 ind./mc, 10 g/mc). 

Les Mollusques, qui vivent sur les parois du ‘‘Citro,’’ sont typiques des lagunes circamediter- 
raneennes et sont répandus le long de la “Mar Piccolo” sur les fonds sableux et detritiques, où 
l'action des courants est plus forte. Mais ces espèces pour la dystrophie estivale ne se 
développent pas comme dans le “Citro.” En effet, en été la temperature trop elevee, la 
diminution d’oxygene et l'augmentation de la salinite favorisent, surtout dans le fond, 
l'installation marquée des flores anaerobiques bactériennes, qui arrive à saturer I’hydrogene 
sulfuré même l’eau au-dessus de la vase, en produisant une vraie hecatombe du benthos. Dans le 
“Citro,” au contraire, étant donne son action thermoregulatrice et ses conditions hydrograph- 
¡ques les petites espèces qui s'y développent ont la plus grande densite. 
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STUDIES ON LAKE OHRID PULMONATE MOLLUSCS! 
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**Museum of Zoology, The University of Michigan, Ann Arbor, Michigan 48109, U.S.A. 
and 
TThe Australian Museum, Sydney, Australia 
and 
*Hydrobiological Institute, Ohrid, Yugoslavia 


ABSTRACT 


Lake Ohrid is an ancient lake situated in southeastern Europe in the western part of the Balkan Peninsula on 
the Yugoslav-Albanian border. One of the most prominent elements of the Lake Ohrid fauna are the snails; 
bivalve species are few. The lake has nearly 70 species of gastropods, about 90% of which are endemic. Current 
malacological investigations on Lake Ohrid include systematics, comparative morphology, chromosome 
cytology, electrophoresis of foot muscle proteins and immuno-taxonomy. 

Immuno-taxonomic studies of Radix relicta of Lake Ohrid and Radix sp. in a feeder-spring at the southern 
end of the lake (at St. Naum) show, by their “*identity”” reactions, that they are clearly related to A. auricularia 
and, by inference from previous immunological comparisons of А. auricularia with various other Radix spp., to 
radicine Iymnaeid species in general. ““Non-identity” reactions occurred when antigens from the Ohrid species 
were tested with antisera from species representing other Iymnaeid species-groups (Austropeplea, Bulimnea, 
Fossaria, Lymnaea, Pseudosuccinea and Stagnicola). The findings in regard to Radix bear out recent studies 
which indicate that distinct ‘‘species-groups” (i.e., taxonomic units usually referred to as “genera” or 
“sub-genera’’) occur in the Lymnaeidae and that immunological data correlate well with previous morphological 
information (and, in the case of Radix, with chromosome cytology). 

Ancylus fluviatilis of Europe is octoploid (п = 60, 2n = 120), i.e., it has 8 sets of 15 chromosomes, instead of 
the 2 sets of 15 (n= 15, 2n =30) which characterize its North American relative, Rhodacmea cahawbensis. 
Ancestral Ancylus or Ancylus—related species undoubtedly were tetraploid (п = 30, 2n = 60), and prior to that 
were normal diploids (п = 15, 2n = 30). It was of interest to study the Lake Ohrid ancylid species, because, if the 
freshwater limpet fauna in the lake is a relict one, then perhaps 1, some or all species of Ancy/us would have 
п = 15, 2n = 30 (be normal diploids) ог п = 30, 2n = 60 (be tetraploids). However, all ancylid species we looked 
at from Lake Ohrid are octoploid, having the same number of chromosomes that is found in the widely 
distributed A. fluviatilis. Therefore, chromosome numbers per se do not help in giving an answer to the question 
as to whether the endemic ancylids of Lake Ohrid are relicts or the result of intra-lacustrine speciation. However, 
that all Ancylus species have the same number of chromosomes points to the fact that they are, like most 
molluscs, very conservative in regard to chromosome number change with evolution. 

Scanning electron microscope studies show that the shell apices of the Ohrid ancylids have the basic apical 
microsculpture of the genus Ancy/us in general. Within the Ancylidae, this type of sculpture is most like that of 
the North American genus Rhodacmea, indicating that Ancy/us and Rhodacmea are probably more closely 
related than many workers have suspected in the past. 


Supported (п part) by a grant from the Foreign Currency Program, Office of International Activities, 
Smithsonian Institution, Washington, D.C. These studies have been published in greater detail in Ma/acological 
Review, 1976, 7(1): 25-32; 7(2): 127-132. 
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ОВЕВ DAS SYSTEM DER HELICIDAE SENSU [АТО 


Laszlo Pinter 
Naturwissenschaftliches Museum, Baross u. 13, H-1088 Budapest, Ungarn 
ZUSAMMENFASSUNG 


Der Verfasser gibt einen Überblick über den heutigen Stand der Helicidenforschung. Er 
deutet auf die Probleme hin, die die Annahme von Schileykos neuem System erschweren. Er 
ruft die Forscher, die sich für die Familie Helicidae interessieren, zur Zusammenarbeit auf. 


Uber das System der Heliciden haben sich bisher schon viele geäußert. Es war eine lange und 
langsame Entwicklung, bis über L. Pfeiffer, W. Kobelt, O. Boettger, J. Thiele, P. Hesse und andere, 
im Handbuch der Palaozoologie das Helicidensystem von Zilch (1960) erscheinen konnte. Für die 
meisten Forscher bedeutet dieses Werk auch heute noch die Grundlage des Systems. 

Im Zeitraum zwischen 1960 und 1967 geschieht nichts Wesentliches in der Systematik der 
Heliciden. Zwar revidiert Zilch (1962) und dann Forcart (1965) die frühere Auffassung von der 
Helicigona-Gruppe, aber das meiste bleibt im alten. 1967 erscheint eine kleine Arbeit eines 
sowjetischen Forschers (Schileyko, 1967), die eine grundsätzliche Veränderung des bisherigen 
Systems vorausahnen läßt. 

Eine eigentliche Neugruppierung kommt aber erst 1970 zum Tageslicht (Schileyko, 1970). In 
dieser Publikation unterteilt Schileyko die Subfamilie Hygromiinae in drei Triben: Hygromiini, 
Trichiini und Ciliellini. Diese Unterteilung erfolgt vor allem aufgrund des distalen weiblichen 
Geschlechtsorgans. Es werden auch neue Taxa aus der Genus-Gruppe beschrieben (siehe dazu die 
Bemerkungen in Varga & Pinter, 1972). Bei diesen erscheint als wichtiges Unterscheidungsmerkmal 
die Innenstruktur der Genitalendwege, vor allem die Struktur der Penispapille. Von der Bedeutung 
dieses Merkmals waren die Meinungen immer geteilt. Hesse selbst (1931), der vielleicht der größte 
Anatome der Heliciden war, wußte damit superspezifisch nichts anzufangen. 

1971 nimmt Schileyko eine generische Revision mancher Ariantinae vor. 1972 erscheint der 
zweite Teil seiner Hygromiini-Revision (Schileyko, 1972a). Forcart (1972) sondert gleichzeitig die 
Sphincterochilidae als Superfamilie Sphincterochilacea von den Helicacea aus. 

Im selben Jahr veröffentlicht Schileyko (1972b) sein neues Helicidensystem, zu welchem die 
bisherigen Arbeiten nur als Vorstudien dienten: 


Helicodontidae Hesse 1907 (als Helicodontinae) 
Sphincterochilidae Zilch 1960 
Hygromiidae Tryon 1866 
Trichiinae Zilch & Jaeckel 1962 
Hygromiinae Tryon 1866 (= Helicellinae) 
Metafruticicolinae Schileyko 1972 
Monachinae Zilch 1960 (als Monacheae) 
Ciliellinae Schileyko 1970 (als Ciliellini) 
Cochlicellinae Schileyko 1972 
Geomitrinae Wenz 1923 
Helicidae Rafinesque 1815 (als Helicinia) 
Thebinae Wenz 1923 (als Thebea) 
Ariantinae Mörch 1864 
Helicinae Rafinesque 1815 
Murellini Hesse 1918 (als Murellinae) 
Helicini Rafinesque 1815 


Im folgenden Jahr (1973) laßt Schileyko eine Zusammenfassung seiner Forschungen erscheinen. 
Er konfrontiert die west- und ostpalaarktischen Gruppen der Helicacea mit denen der 
nearktischen. Er stellt fest, daß die westpalaarktische Gruppe in morphofunktionaler Hinsicht 
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äußerst heterogen sei und dementsprechend die monotypischen Gattungen vorherrschen, im 
Gegensatz zu den anderen Gruppen. 

Bei der Beurteilung dieser Entwicklung und dieses Systems hat man vieles zu bedenken. Vor 
allem mul; man wissen, wie der Verfasser die einzelnen Familien voneinander trennt. Und eben das 
ist das erste Problem. Die Beschreibung, die Schileyko von den vier Familien gibt, ist so allgemein 
und in sich relativ, daß man die Gruppen gar nicht klar sehen kann. Zweitens weiß man mit seiner 
morphofunktionalen Methode nichts anzufangen, weil darüber in den Texten nur Andeutungen zu 
finden sind. Das dritte Problem ist Schileykos Gattungsbegriff. Er beschreibt eine große Anzahl 
von neuen Gattungen und Untergattungen, oder hebt alte Untergattungen und Sektionen auf 
Gattungsrang. Bei seiner Neubeschreibungen gibt er leider keine Begründung, warum der neue 
Name notwendig ist und welche Merkmale der Verfasser für wichtig halt. 

Für dieses letztere Problem ist der Fall der alten Gattung Hygromia charakteristisch. Nachdem 
die Pyrenaearia-Gruppe als Gattung ausgesondert worden ist, bleiben noch sechs Arten in der 
Gattung. Für Hygromia apollinis (Martens) wird eine neue Gattung, Archaica Schileyko 1970, 
aufgestellt, mit der Untergattung Euarchaica Schileyko 1970 für Hygromia heptapotamica 
(Lindh.). Die vier übrigen Arten werden dann in vier monotypische Untergattungen gestellt: 


Hygromia (Hygromia) cinctella (Draparnaud) 
Hygromia (Riedelia) limbata (Draparnaud) 
Hygromia (Lozekia) transsylvanica (Westerlund) 
Hygromia (Ganula) lanuginosa (Boissy) 


Die bisherigen Artmerkmale scheinen den Rang von subgenerischen Merkmalen erhalten zu haben. 

Diese und ähnliche Angaben, die das ganze System betreffen, haben uns veranlaßt, den Wegen 
der Systematik nachzuforschen und feststellen zu suchen, inwiefern das angegebene System der 
Wirklichkeit der Entwicklung entspricht. Die Untersuchungen, die wir gestartet haben, erstrecken 
sich bisher nur auf die äußere und innere Struktur der Genitalien. Von vielen Ergebnissen kann 
noch nicht berichtet werden. Aber das wenige, das erforscht worden ist, hat vieles zu sagen. Wir 
haben über 100 Helicidenarten des alten Systems untersucht. Wir mußten dabei festellen, dal) die 
Merkmale, denen bei Schileyko und manchen anderen Forschern eine große Wichtigkeit 
zugeschrieben wird (z. B. die Penispapille), einer äußerst großen Variabilität unterworfen sind. Bei 
den Helix-Arten ist die Penispapille in der Mehrheit der Fälle korkartig geformt und mit mehr oder 
weniger deutlichen Querfurchen ausgestattet. In einer Population von Helix pomatia Linnaeus 
haben wir aber unter normal ausgebildeten Papillen auch solche gefunden, die nicht quergefurcht, 
sondern mit länglichen Leisten versehen waren. Es gibt von dort sogar ein Stück, das sehr deutliche 
Gitterstruktur aufweist. Ahnliches haben wir auch in großen Serien von Helicigona trizona 
(Rossmaessler) gefunden (Untersuchungen von A. Szigethy, unpubl.). 

Die Tatsache, daß oft nur 1-2 Exemplare einer Art untersucht werden, führt allzu leicht zu 
falschen Ergebnissen, da der Polymorphismus der Geschlechtsorgane unberücksichtigt bleibt, oder 
den einzelnen Varietäten eine zu grolie Bedeutung beigemessen wird. 

Ahnlich verhält es sich, wenn man aus einer Gattung (oder Gruppe) nur wenige Arten 
untersucht und die Unterscheidungsmerkmale verallgemeinert. 

Niemand wird behaupten wollen, daß es große Gattungen mit zahlreichen Arten nicht gibt. Es 
wäre aber falsch, sagen zu wollen, daß große Gattungen unbedingt zahlreiche Untergattungen 
enthalten. Es ist zwar unbequem, mit 50-60 Helicigona-Arten zu arbeiten, aber noch unbequemer 
wäre es, wenn wir 50-60 Arten nach Schalenmerkmalen in etwa 15, nach der Form der Penispapille 
in etwa 25-30 Gattungen (Untergattungen) unterbringen wollten, wobei beide Gruppierungs- 
versuche eben nur Versuche sind (siehe Schileyko, 1971; Klemm, 1974). 

Auf die Gefahr der “Nouvelle Ecole” des vorigen Jahrhunderts kann nie oft genug hingewiesen 
werden. Man spricht heute bereits von einem “‘anatomischen Bourguignatismus.” 

Wir müssen uns sagen, daß unsere Kenntnisse vom wahren (entwicklungsgeschichtlichen) 
Gesicht der Helicidae noch zu gering sind, daß wir vielleicht einzelne Gruppen im Wesentlichen 
schon erfaßt haben, aber das meiste noch vor uns ist. 

Da eine so riesige Arbeit auch einen entsprechenden Aufwand erfordert, der die Kräfte und 
Möglichkeiten der einzelnen übersteigt, wollen wir alle Malakologen, die in der Helicidae 
interessiert sind, um Mitarbeit bitten. Das Projekt zur Klärung der Helicidae-Frage umfaßt alle 
Disziplinen, alle möglichen Untersuchungsmethoden und Gebiete, wie z. B. äußere und innere 
Morphologie, Histologie, Cytologie, Serologie, Okologie, Taxonomie, usw. 


PINTER 225 


Die wichtigsten Fragen, die zu klären sind, sind folgende: 

1. Untersuchung der Merkmale, die zu taxonomischen Zwecken geeignet sind, auf 
verschiedenen Ebenen, von der Familien-Gruppe bis zur Spezies-Gruppe. 

2. Individuelle und populationsmäßige Variabilität der einzelnen Merkmale. 

3. Vergleichende funktionale Analyse der Organe. 

4. Feststellung der verwandtschaftlichen Beziehungen mit allen möglichen Mitteln (auch 
Paläontologie!). 

5. Versuch zur Herstellung filogenetischer Modelle. 
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ABSTRACT 
ON THE SYSTEMATICS OF HELICIDAE SENSU LATO 
The author renders account of the present state of systematic researches on the mollusk family Helicidae 


sensu lato. He calls attention to the problems that throw difficulties in the way of accepting Schileyko's new 
system. The author invites all malacologists interested in Helicidae to collaborate in the research project. 
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THE ACCUMULATION, DISTRIBUTION, AND LOSS OF ZINC (°° 7п) IN THE 
GASTROPOD V/VIPARUS ATER (CRISTOFORI & JAN) 
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Biology Group, Ispra G. D. Research, Science and Education, C.C.E., Italy 


ABSTRACT 


The gastropod, Viviparus ater (Cristofori €: Jan) is one of the foods preferred by the 
freshwater fish Lepomis gibbosus Linnaeus. This prosobranch populates the littoral zone 
of the Lago Maggiore, a large subalpine lake of northwest Italy. The problem of the 
discharge of reactor effluents into fresh waters prompted the study of one of the 
radioelements, ** Zinc, in this snail which is a possible source of radioactivity for the fish. 
Since it is the soft tissues which are eaten, it became interesting to learn exactly what 
part of Viviparus accumulates most of the radiozinc and whether the activity is 
transmitted to the forming embryos in the female brood pouch. 


INTRODUCTION 


The gastropod Viviparus ater (Cristofori & Jan) populates the fresh waters of Europe in great 
numbers. In Lake Maggiore (Lago Maggiore, northwest Italy), they can be found in the littoral 
zone around the entire lake. Although the species was noted and described along with the other 
flora and fauna of the Lago Maggiore by Hartmann in 1821, no detailed information concerning 
its distribution, classification and morphology was published until 1958 by Mirolli. 

Zinc is a known essential micronutrient for all forms of life (Underwood, 1956) and 
radiozinc is a neutron-induced nuclide in reactor effluents which can eventually find its way 
into an aquatic environment (Rice, 1963). Since $°Zn traces the stable form from water to 
animal, and since Viviparus is a preferred item in the diet of the sunfish Lepomis gibbosus, the 
reasons for this study were manifold: 1) to learn about the distribution of zinc in the soft 
tissues of this gastropod; 2) to see whether it is transmitted to the embryos by the female; and 
3) to see to what extent radiozinc is concentrated by this mollusc in order to study ¡ts passage 
through the food chain. 


MATERIALS AND METHODS 


Both masculine and feminine snails of this dioecious prosobranch were collected from the 
same locus in the Lago Maggiore. They were acclimatized in the laboratory for at least 5 days 
before the experiment started. During this time the females and males were separated and the 
shells were scrubbed to remove dirt and algal film as much as possible. Five snails of the same 
sex were put in a tub containing 15 liters of lake water with Зи Ci of 65 ZnCI, per liter. Three 
such tubs were set up for each sex. The snails used in this experiment weighed 8.94 + 0,34 g, 
the width was 2.72 + 0.02 cm, and the length 3.63 + 0.05 cm. 

The radioactive water was renewed every 3 days and the snails were counted periodically т 
a small-animal radiation detector (Armac Model 446). Radiozinc accumulation was carried out 
for 14 days after which half of the snails were dissected and the other half were put in 
nonactive water for a period of excretion. The snails were not fed during the uptake and loss 
periods. 

The counts, per animal and per part, were expressed in several ways. The magnitude of 
accumulation of the radioisotope from water, called the Concentration Factor, was calculated 
for the males and the females. The activity of a part relative to the whole body activity on a 
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unit weight basis is an indication of the role it plays in the accumulation of the radioelement. 
It is designated as R and calculated as follows: 


Y dpm/g part 
dpm/g whole body 


When the snails were dissected, the following parts of the soft tissues were separated: 1) 
head + foot, 2) operculum, 3) penis (males), embryos (females), 4) visceral mass, and 5) 
hepatopancreas. These parts were weighed and placed in vials for radioanalysis. The tissues 
were counted in a well-type 3X3 in. (Na i (TI)) scintillation detector. All counts were 
corrected for physical decay, geometry and daily variations in instrument efficiency before 
elaboration of the data. 


RESULTS 


After being exposed to radiozinc for 14 days, the snails exceeded the concentration in the 
lake water 100 times and there was no significant difference between the males and the females 
(Table 1). Nor was the difference between the sexes statistically significant for the relative 
activities (R) of the main parts of the snail (Table 2). However, when R was calculated for the 
various segments of the soft tissue relative to the activity of all the soft tissues, certain 
differences were found (Table 3). For example, analysis of variance showed that the female 
visceral mass (including embryos) and hepatopancreas were significantly more active than those 
of the males (P< 0.01). When the embryos were removed from the female visceral mass, and 
the penis from that of the male, the visceral mass of the female remained significantly more 
active (Р< 0.05). The penis was highly significantly more active than the embryos (Р < 0.01). 
The difference between the sexes for the head + foot and for the blood activities was not 
significant. 

The remaining snails were placed in nonactive water for 65 Zn retention. The water was 
changed daily throughout the 17-day period to avoid reabsorption of excreted radiozinc. After 
8 days the male Viviparus retained 64.3 + 1.3% of the activity accumulated in 14 days; and the 
females, 64.1 + 2.2%. After 17 days in nonactive water, the males retained 53.9 + 1.5% and the 
females, 48.0 + 4.4%. 

Table 4 lists R calculated for different parts of the soft tissues with the results of an analysis 
of variance. 


TABLE 1. Concentration factors (mean + S.E.) for 
65 Zn in male and female Viviparus ater following 
immersion in radioactive water. 


TABLE 2. The relative activities in the uptake of 
65 Zn calculated for the soft tissues, operculum and 
shell of male and female Viviparus ater. 


Time in days Males Females Male Female 
1 уе И 28.9 + 2.3 Soft tissues 0.774 + 0.061 0.791 + 0.073 
6 57.0 + 3.3 53.3 + 5.2  Operculum 12.502 + 0.867 13.017 + 1.527 
8 74.7 + 6.2 77.8 = 8.4 Shell 1.379 + 0.527 1.166 + 0.087 
14 99.4 + 5.4 99.7 + 14.3 


TABLE 4. The relative activities (mean + S.E.) of 
different parts of male and female Viviparus ater after 


TABLE 3. The relative activities (mean + $.Е.) of 34 days in water with 5$ Zn and 17 days in nonactive 


different parts of male and female snails after 14 days 


in water with °° Zn. WEST: 
Part Males Females 
Part Males Females 

Head + foot 0.454 + 0.055 0.808 + 0.0599 
Head + foot 0.436 + 0.035 0.569 + 0.056 Visceral mass 1.025 + 0.098 1.543 + 0.2032 
Visceral mass 0.907 + 0.104 1.339 + 0.094 Penis 0.528 + 0.057 я 
Penis 0.428 + 0.039 — Embryos E 0.071 + 0.007 
Embryos = 0.142 + 0.016  Hepatopancreas 4.213 + 0.288 7.752 + 1.279° 
Hepatopancreas 3.000 + 0.177 4.682 + 0.427 Blood 0.164 + 0.018 0.327 + 0.049° 
Blood 0.489 + 0.047 0.432 + 0.043 


а = по significant difference; b =P < 0.01; с=Р < 0.05. 


POZZI AND MERLINI 


FIG. 1. Histological sections of the hepatopancreas-gonads of adult female and male snails, Viviparus ater. A, 
female hepatopancreas. Arrow indicates ovary. B, enlargement of ovary area showing developing oocytes. G 
male hepatopancreas. Arrows indicate developing gonads. D, enlargement of gonads showing spermatids and 


sperm. 
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DISCUSSION AND CONCLUSION 


After 14 days of exposure to radiozinc the snails were not yet in equilibrium with that in 
the water. Therefore, the high relative activities of the shell and operculum can be misleading. 
Stable zinc, determined by activation analysis revealed 22 + 9 ppm for the shell, 109 + 14 ppm 
for the operculum, and 490 + 60 ppm for the soft tissues (dry weight) (Merlini, Girardi & Pozzi, 
1967). The high activity of the shell and operculum was due, in all probability, to the uptake of 
65 Zn by the growing algal film, which is never completely removed. More important was the 
distribution of the radioelement among the different segments of the soft tissues. М was evident 
that the female visceral mass had accumulated more radiozinc that that of the male. According 
to Mirolli (1958), there are special glands in the brood pouch of the female which secrete a 
jelly-like substance. This secretion nourishes the embryos and 15, undoubtedly, the source of 
radiozinc for them. The hepatopancreas is a composite organ with hepatic and germ cells 
(Fig. 1). Since zinc is a metal with a diversified function in protein and carbohydrate, it is not 
surprising that Mendel 8: Bradley (1906) found considerable amounts of the element in liver and 
blood of the snail Sycotypus. Therefore, the high radiozinc content of this part is also 
understandable and the sojourn in nonactive water accentuated this concentration, especially in the 
females (Table 4). The loss of radioactivity was primarily from the embryos, visceral mass, and 
blood where the radiozinc was probably loosely bound. 

In order to respond to the questions posed at the beginning of this experiment, it can 
concluded that: 1) radiozinc is accumulated primarily in the visceral mass and hepatopancreas 
of both sexes; 2) the females do transmit the radioelement to the developing embryos; and 3) 
in 14 days snails concentrate enough radiozinc in the soft tissues (over 2,000,000 dpm/snail) to 
substantially add to the radioactivity of their predator, the fish Lepomis gibbosus Linnaeus. 
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ABSTRACT 


This study concerns the effects of heavy metals (cadmium, copper and chromium) 
on the mortality and fecundity of the adults of Biomphalaria glabrata and the viability of 
their embryos. Embryos were also tested for lead. The concentrations used ranged from 
O ppm to 4.0 ppm for Са? + and Cu?* and from 0 to 1.4 ppm for Cr°*. Cadmium and 
copper were far more toxic than chromium. Fertility was abolished by 0.1 ppm of 
cadmium and copper and fecundity was severely affected by chromium. Some evident 
sublethal effects were observed. Survival of the hatchlings treated with chromium was of 
the same order of magnitude as that of the controls and sexual maturity did not show 
any delay. Forty-one percent of the embryos kept at concentrations of 0.1 ppm Pb?* 
completed their development in 51 days, that is, with a delay of 37 days. The hatchlings 
at 0.1 ppm died after 15 days. The advantages of using freshwater pulmonates as a 
toxicity test are discussed. 


INTRODUCTION 


The greatest part of the studies concerning the “toxicity test''3 has been carried out on 
adult fishes. Because there is no organism sensitive to all pollutants, it is very difficult to 
foresee the effects of a given pollutant on the aquatic biota from results on studies of 1 or 
more related species. As a consequence, it is evident that, in addition to the fish, some other 
organisms belonging to the most important taxa should be tested at different stages of their life 
cycles. For example, one of the most important taxonomic groups to be tested could be the 
gastropod pulmonates. 

The advantages of using freshwater pulmonates (e.g., Physa, Biomphalaria) as a test of 
toxicity are the following: 1) pulmonates are good indicators of the littoral zone which is the 
most exposed to pollutants; 2) they are very sensitive to pollutants; 3) acute effects may be 
obtained in a short time; 4) their embryos may be used because the developmental stages are 
easy to identify and the pollutant effects may be easily and clearly measured; 5) from 
experiments on the embryo, in addition to the mortality, sublethal effects may be measured, 
for example, frequency of anomalous embryos and delay of development; 6) several experi- 
ments may be carried out on a great number of adults and embryos by 1 technician; 7) adults 
may be reared at a temperature ranging from 20°C to 25°C in a small volume of water (about 
10-20 adults to 1 liter of water) and a small space is required for a great number of embryos: 
300 containers/m?, that is, more than 7000 embryos/m?; 8) because of the small volume of 
water required by the pulmonates, inexpensive flow systems may be used; 9) the reproductive 
stage is attained at about the 3rd month, and the mean life of the adults in 1 to 2 years; 10) 


1Contribution No. 1037 of the Biology Programme, Directorate General XII of the Commission of the 
European Communities. 

This paper has been presented to the ‘Vth Congress of Unitas Malacologica Europaea,” Milan, 2-8 
September 1974. 

Toxicity test consists of laboratory experiments to measure the effects of given concentrations of known 
pollutants. Monitoring test is used in the field or in semi-controlled conditions to detect intermittently or 
continously the effects of a mixture of unknown pollutants. 
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reproduction 15 continuous, fecundity* is high (4-5 embryos/adult per day) and viability is of 
the order of 90%; and 11) the length of time for embryonic development is from 8 to 10 days 
at 20°C (as a consequence, each day, about 100 embryos are available for each stage from 20 
to 30 adults). 

Some studies on the effects produced by heavy metals on gastropods have been carried out 
already (e.g., Raven et а/., 1963; McKee et a/., 1963; Dowden et а/., 1965; Van der Maas et al., 
1972), but we need more information on this subject. 

The present paper is concerned with some experiments to demonstrate that freshwater snails 
may be used as “toxicity test” for heavy metals. To this aim, experiments on the effects of 
cadmium, copper and chromium on the mortality and fecundity of the adults of Biomphalaria 
glabrata and the viability of their embryos were carried out. In addition, embryos were also 
tested for lead. 


MATERIAL 


The source of Biomphalaria glabrata Say var. albina, which has been kept in the laboratory 
for some years, was a wild strain from Kenya (East Africa). The snails were reared at 
population densities of 6 individuals per liter in a series of plastic containers each containing 
about 8 liters of filtered water from Lake Maggiore. All snails kept in the same batch were of 
the same age. The molluscs were fed on fresh salad leaves, which were renewed daily, and the 
water was changed every 3 to 4 days. The water temperature ranged from 2 CANA 


METHOD 


Adults of the same age, chosen at random according to the tables of Fisher & Yates, were 
kept in glass beakers containing a solution of the pollutant in filtered lake water. For the 
control, filtered lake water without pollutant was used. The population density was 1 
individual/50 ml and the food consisted of salad leaves. Water and solution were changed daily. 
The temperature was maintained constant at 20°С +0.5 by a thermostatic bath. The observa- 
tions were made at intervals ranging from 2 to 24 hours, according to the response of the snail 
to the pollutant. 

For the experiment on the embryo, each egg capsule, laid in a period of 24 hrs, was kept 
separately in a glass beaker containing 100 ml of filtered lake water (control) or a solution of 
the pollutant in the same water (treated embryos). The embryos were observed daily with a 
microscope until the end of their development. The water temperature was 20°C + 0.5. 


RESULTS 
Adults 


The concentration of Cd?+ (CdCI,) used were 0, 0.1, 0.5, 1.0, 2.0 and 4.0 ppm. For each 
concentration, 20 individuals 6 months old were tested. The experiment was carried out until 
the last treated individual died. The survival time (ST-50) was 15 hrs at the concentration of 
1 ppm, 31 hrs at 0.5 ppm and 63 hrs at 0.1 ppm (Fig. 1). Higher concentrations killed all the 
molluscs between 3 and 6 hrs. During the experiments, eggs were produced by molluscs kept at 
concentrations of 0, 0.1 and 0.5 ppm, but the fecundity of the treated molluscs was about 1/4 
that of the controls. All the embryos of the contaminated adults died at the morula stage. 

It was observed that treated molluscs at the lowest concentration (0.1 ppm) also moved very 
slowly, secreted abundant mucus and did not eat. A great amount of excrement was produced 
during the first hours after the beginning of the experiment. Molluscs kept at 0.1 ppm started 
to eat a small amount of food after 47 hours. 


Following Allee et al. (1955) fecundity is used to designate the number of eggs produced and fertility for 
the hatchling production. 
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FIG. 1. Effect of different concentrations of Cd (CdCl,) and Cu(CuSO,) on the survival of the adults of 
Biomphalaria glabrata. 


The concentrations of Cutt (CuSO,) used were 0, 0.1, 0.5 and 1.0ppm. For each 
concentration, 25 individuals 7 months of age were tested. The survival time (ST-50) was 26 hrs 
at the concentration of 1 ppm, 35 hrs at 0.5 ppm and 47 hrs at 0.1 ppm (Fig. 1). All the 
molluscs kept at 0.1 ppm died after 67 hrs and those at 0.5 and 1 ppm after 43 hrs. During the 
experiment no eggs were produced by the treated molluscs. 

The same effects observed for cadmium experiments were noted for those with copper, but 
also at the lowest concentration (0.1 ppm) no recovery was noted after 67 hrs. During the 
experiments, the molluscs secreted large amounts of reddish mucus. lt seemed that the larger 
individuals were less affected that the smaller ones. 

No different survivorship was noted between treated molluscs and those of the control group 
during the first 24 hrs until the concentration of 1.4 ppm of Cr®°+ (CrO3) was reached. During 
the following days (until the 14th day) the survival curves for the different concentrations, 
ranging from O to 0.4 ppm, were very irregular and there was no clear relation between 
concentration and mortality. 

The behaviour of the snail seemed the same for treated and untreated molluscs, but 
fecundity was strongly affected by chrome; for example, at a concentration of 1.4 ppm fertility 
was about 1/3 that of the controls. This decrease was due to a reduction in the number of 
egg capsules as well as to the number of eggs per capsule produced by the treated molluscs. 
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TABLE 1. Survival time (ST-50 in days of embryos kept at 20°С). At the end of the 
developmental period, mortality of the control group was 10% for cadmium experiment, 
15% for copper and 20% for lead. 


ррт Cd Cu Pb 
0.1 8.0 9.5 28.0 
0.5 2.5 2.5 5.5 
1.0 0.5 1.0 
Total number of treated embryos 732 786 903 
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FIG. 2. Effect of different concentrations of Cd(CdCl,), Cu (CuSO,) and Pb (Pb(NO,),) on the embryonic 
development of Biomphalaria glabrata. 


Embryos 


For each metal, cadmium (CdClz), copper (CuSO¿) and lead (Pb(NO3)2), 1 group of 
egg capsules was retained as the control and the other 3 groups were kept at concentrations of 
0, 0.1, 0.5 and 1.0 ppm. The values of ST-50 were reported in Table 1 and the effects of heavy 
metals on the viability and developmental delay of the embryos were schematized in Figs. 2 
and 3. From the results, schematized in Fig. 2, it is clear that even at the lowest concentration 
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FIG. 3. Effect of different concentrations of Cr°* on the percentage of live, dead embryos and hatchlings of 
Biomphalaria glabrata. 


(0.1 ppm Cd?+ and 0.1 ppm Си?+) no embryo was able to complete its development. After 48 
hours, the embryos treated with copper showed a very evident red colour. A concentration of 
Pb?+ of 0.5 and 1.0 ppm killed all the embryos (Fig. 2). The 41% of the embryos kept at a 
concentration of 0.1 ppm completed their development in 51 days, i.e., with a delay of 37 
days. All the hatchlings at this concentration died after 15 days. 

The same experiment was repeated for chromium Cr‘ + (CrO3), but at different concentra- 
tions, i.e., 0, 0.07, 0.35 and 0.7 ppm. From the results schematized in Fig. 3, we can observe 
that this metal is far less noxious than the others mentioned above. At the end of the 
developmental period, the percent mortality of the control was 11%, at 0.07 ppm 15%, at 
0.35 ppm 28% and at 0.7 ppm 72%. At the highest concentration, the ST-50 value was 30 days. 
The developmental time increased with the concentration at which the egg capsules were kept. 
Indeed, the maximum time for development was 16 days for the controls, 18 days for 
0.07 ppm and 0.35 ppm, and 68 days for 0.7 ppm. Survival of the treated hatchlings was of the 
same order of magnitude as that of the controls and sexual maturity was reached at the same 
time. 


DISCUSSION AND CONCLUSIONS 


The experiments reported in this paper must be considered as pilot experiments; studies on 
the same subject, but using a continous flow system, are in progress. 

Because Biomphalaria glabrata may be easily reared under standard conditions and 15 
sensitive to the heavy metals, at adult as well as embryonic stages, we may use this snail for 
toxicity tests. Reproductive activity of B. glabrata was also strongly affected by heavy metals at 
low concentrations; as a consequence, damages to natural populations of this snail by these 
pollutants may be expected. 

It seemed important to compare the survival time (ST-50) of the adult with that of the 
embryos. The results obtained for Cd and Cu, schematized in Fig. 4, show that at low 
concentrations (0.1 ppm and 0.5 ppm) the ST-50 of the embryos is higher than that of the 
adults, whereas at relatively high concentrations (1.0 ppm) the ST-50 of the embryos is of the 
same order of magnitude as that of the adults. 

It is noteworthy that the sublethal effects produced on the adults of Biomphalaria by low 
concentrations of cadmium and copper are very similar to those observed on another pulmonate 
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FIG. 4. Survival time (ST-50) of adults and embryos of Biomphalaria glabrata at different concentrations of 
Cd (CdCI,) and Cu (CuSO,). 


(Physa acuta) by high doses of ¡onizing radiations (Ravera, 1967). In addition, radiation as well 
as heavy metals induced the same types of anomalies on the embryos of freshwater pulmonates 
(Ravera, 1956). 
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ABSTRACT 


In Ferrissia wautieri it has been shown that calcium is stored in the connective tissue in intracellular 
calcareous spherules (Richardot et а/., 1972). These calcium cells are small and scarcely distributed when the 
rate of the shell growth is rapid, whereas their volume and number increase when estivation (Richardot, 
1974) or hibernation occurs. In order to investigate calcium metabolism, the process of calcospherite 
formation and to establish the origin of calcium cells, a study has been carried out using cytochemical 
methods. The lead acetate staining method for electron microscopy (Carasso & Favard, 1966) demonstrates the 
presence of calcium in large amounts in intercellular spaces on connective tissue and near calcium cells. 
Moreover calcium has been detected in groove cells and, during estivation and hibernation, in glycogen cells 
where little nodules can also be seen. These observations suggest that groove cells and glycogen cells would be 
at the origin of calcium cells. Finally, it was also found that, before estivation or hibernation, calcium can be 
accumulated in mitochondria and that many large electron dense osmiophilic granules appear in the matrix of 
these organelles when they are massively loaded with a calcium salt (these results are in general agreement 
with those of many authors). This accumulation is connected with the increase of the calcium storage in 
connective tissue. In rapid shell growth, loaded mitochondria are only seen in calcium cells (Fig. 4), whereas 
before estivation or hibernation such mitochondria are also seen in 3 other cell types: groove cells, muscle 
cells and glycogen cells (Figs. 1, 2, 3). 

Therefore, is this mitochondrial calcium storage involved in the calcospherite calcification in Ferrissia? 
Although we can see some contacts between mitochondria and spherules (Fig. 5), it is concluded for the 
following reasons that the role played by mitochondria is likely not significant: 1) It is generally assumed 
that the mitochondrial granules consist of calcium phosphate, whereas the intracellular spherules consist of 
calcium carbonate; 2) When the releasing of mitochondrial granules occurs, the organelles are completely 
disorganized. Therefore, it does not seem compatible with a highly differentiated role such as suggested by 
Lehninger (1970); 3) The calcium required for the calcification of spherules appears to exceed the amount of 
calcium provided by mitochondria; and 4) Spherule formation has never been seen in muscle cells. 

So, we postulate that the capacity of mitochondria to form solid deposits of calcium salts is a broadly 
distributed property and that these organelles, in Ferrissia wautieri, store calcium when the intracellular 
concentration is not normal. 
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groove cell. Histochemistry of calcium. Stained with uranyl acetate. Arrows: pores of the cell membrane. 
FIG. 2. In muscle cell. Histochemistry of calcium. Stained with uranyl acetate. FIG.3. In glycogen cell. 


t 
FIGS. 1-3. Loaded and disorganized mitochondria in Ferrissia killed just before estivation. FIG. 1. In | 
Fixed т OsO,. Stained with uranyl acetate and Reynolds. 
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FIGS. 4-5. Loaded mitochondria in calcium cell. FIG. 4. Histochemistry of calcium. Stained with uranyl 
acetate. Arrows: external layers of the spherule. FIG.5. Fixed in OsO,. Stained with uranyl acetate and 
Reynolds. Arrow: contact between mitochondria and the calcospherite. 
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LITTORINA SAXATILIS (OLIVI) (GASTROPODA, PROSOBRANCHIA) DANS 
LA LAGUNE DE VENISE 


Cesare F. Sacchi, Alberto M. Torelli and Domenico Voltolina 


Istituto d’Ecologia Animale, Universita di Pavia, Italia, 
e 
Fundacion La Salle de Ciencias naturales, Punta de Piedras, Venezuela 


ABSTRACT 


About 50 species of algae from microbenthos and tychoplankton have been found in 
the gut content of Littorina saxatilis living on the intertidal shores of the Venice Lagoon. 
This microflora is quite similar (although rather impoverished), to the one living on the 
surrounding substrata; moreover, remains of a few small animals and macroscopic 
Chorophyceae (probably Enteromorpha compressa) have been recorded. 

The omnivorous and detritivorous habits of Littorina saxatilis are once more 
confirmed; similar conclusions may be drawn for the feeding behaviour of L. neritoides, 
while considering some quantitative differences, mainly due to the higher shore level 
inhabited by the latter species. 


Littorina saxatilis (Olivi) serait une espece microphage, comme plusieurs autres Gasteropodes 
des niveaux moyens et superieurs de marée. Fretter & Graham (1962) lui attribuent un regime 
de ‘‘algal detritus, diatoms.” 

Nous en avons étudie le spectre trophique dans la lagune de Venise par l'examen du contenu 
intestinal chez des animaux recoltes en trois differents types de stations: greves artificielles 
verticales des canaux internes de la ville: greves du bassin de Saint Marc; greves detritiques 
sub-horizontales des îles de la lagune. La recherche a duré un an, depuis avril 1973 jusqu’a mars 
1974. Vingt individus par station ont été analyses; dans quelques stations, ou Littorina 
(Melaraphe) neritoides (L.) était particulierement abondante, les mémes techniques d’etudes ont 
ete appliquées a cette dernière espèce. Le materiel était fixé immediatement dans une solution 
de formol а 4%, et examine aussitöt possible; il en etait de méme pour la microflore 
environnante, grattée du substrat á l'aide d'une lame tres fine (see Voltolina, 1974). 

Une cinquantaine au moins d'organismes on été trouves dans le systeme digestif de Littorina 
saxatilis (Tableau 1). A cette liste il faut encore ajouter des masses cellulaires inidentifiables 
avec sécurité, appartenantes à des Chlorophycées macroscopiques: il s'agit d'Ulvacees, et 
surtout, vraisemblablement, d’Enteromorpha compressa, qui caractérise l'horizon intertidal où L. 
saxatilis est surtout fréquente (Sacchi, 1969-71). On trouve assez souvent des Ciliés et plusieurs 
formes de Flagellés, a leur tour trop abimés pour permettre un essai raisonnable de 
classification; bien rarement on a pu reconnaitre avec certitude une Vorticelle, et une fois 
seulement une larve Cypris d’Ostracode (Ponte della Veneta Marina, bassin de St Marc: 
27 Juin 1973). 

Si Гоп compare ce spectre trophique avec le relevé microfloristique du substrat environnant, 
ou méme des coquilles des Littorines, on ne trouve pas d'importantes differences, tout au moins 
pour les Diatomees, qui, а cause de leur demolition intestinale plus lente, se prétent mieux а ce 
genre de comparaisons. En pratique, tous les microbenthontes et les tychoplanctontes de petite 
taille qui se trouvent sur le substrat peuplé par Littorina saxatilis peuvent être “broutes” par 
celle-ci, qui montre donc une tendance omnivore. Ce sont des constatations valables au cours des 
differentes saisons, compte tenu de la succession floristique qu’entraine le cycle saisonnier, assez 
marque a Venise а cause de la remarquable continentalite de la Lagune. 

L'on peut neanmoins remarquer que, еп hiver, alors que la microvegetation environnante est 
encore bien representee, le contenu intestinal de Littorina saxatilis est limite a de rares 
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TABLEAU 1 
CYANOPHYTA BACILLARIOPHYTA (Continuation) 
Lyngbia cfr. aestuarii Amphiprora paludosa 
Oscillatoria sp. Achnantes brevipes 
Anabaena sp. Achnantes longipes 
Isocystis sp. Navicula cryptocephala 
Nostoc sp. Navicula directa 
CHRYSOPHYTA Navicula salinarum 


Navicula ammophila 
Navicula pygmaea 
Navicula ramosissima 


Calyptrosphaera sphaeroidea 
Coccolithus sp. 


EUGLAENOPHYTA Navicula Iyra 
Eutreptia scotica Nitzschia migrans 
Eutreptia viridis Nitzschia subtilis 
Eutreptiella pascheri Nitzschia closterium 

PYRRHOPHYTA Nitzschia ammophila 


Nitzschia panduriformis 
Pleurosigma aestuarii 
Amphora fluminensis 
Amphora graeffi 
Bacillaria paxillifer 
en ya Caloneis liber 
Cocconeisiócurellam Skeletonema costatum 


É Melosira nummuloides 
Cocconeis scutellum parva Mastogloia sp. 


Prorocentrum scutellum 
Gymnodinium splendens 
Gymnodinium simplex 


Licmophora juergensii 

Cyclotella caspia VOLVOCALES 
Phaeodactylum tricornutum Dunaliella salina 
Fragilaria sp. Pyramimonas octociliata 


Diatomees, toujours en etat avance de digestion, et aux habituels residus de Chlorophycees. 
L'on assiste donc à un ralentissement de l’activité alimentaire de ces Prosobranches, qui trouve 
son parallele dans une certaine stase hivernale de l'activite sexuelle. Il ne s’agit pourtant pas 
d’une suspension d’activite, d’une hibernation reelle: mais plutöt d’une baisse saisonniere du 
metabolisme, répondant aux mauvaises conditions thermiques de l'environnement lagunaire 
(Torelli, 1974). 

Si Гоп compare, enfin, les contenus intestinaux de Littorina saxatilis avec ceux de l’autre 
littorine venitienne, L. (Melaraphe) neritoides, qui vit avec elle dans le bassin de Saint Marc, on 
constate que, si la même indifférence trophique paraît caracteriser les deux espèces vis-a-vis de 
leur environnement (Fretter & Graham, cites, attribuent à leur tour à L. neritoides le même 
regime qu’à L. saxatilis), L. neritoides suit néanmoins à Venise une diète ou les Flagelles, les 
Vorticelles et le; Cyanophytes sont nettement plus abondants. Cet abondance est en rapport 
évident avec le plus haut niveau que L. neritoides occupe sur la greve, où elle caractérise plutôt 
le supralittorz1 que l'intertidal, même dans des stations tres battues (Sacchi, 1969-71). La stase 
hivernale est aussi moins marquee chez L. neritoides, alors que, ne peuplant à Saint Marc que 
des grèves toujours humides a cause des mouvements importants de l’eau, on ne constate pas 
chez cette espèce la grande stase estivale qui en caractérise le cycle biotique sur des greves 
méditerranéennes bien autrement dessechees pendant l’éte. 
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RIASSUNTO 


Una cinquantina di microbentonti e di ticoplanctonti sono stati trovati nel contenuto intestinale di 
Littorina saxatilis in Laguna di Venezia. Si tratta essenzialmente di una microflora simile a quella che occupa 
i substrati circostanti; e di qualche piccolo animale, accanto a resti di Cloroficee macroscopiche. La tendenza 
onnivora—detritivora di L. saxatilis à cos! riconfermata; considerazioni analoghe valgono pel regime alimentare 
E L. neritoides pur con le differenze, soprattutto quantitative, legate al diverso orizzonte popolato dalle due 
ittorine. 
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POPULATION ECOLOGY OF TWO GEOGRAPHIC RACES OF 
СЕРАЕА NEMORALIS (LINNAEUS) (GASTROPODA, PULMONATA) IN THE 
PROVINCE OF PAVIA, NORTHERN ITALY 


Cesare F. Sacchi and Giorgio Valli 


Istituto d’Ecologia animale, Universita di Pavia, Italia 


ABSTRACT 


River Po splits the distribution area of Cepaea nemoralis (Linnaeus) in northern Italy into 2 good 
geographic races, 1.е., С. п. nemoralis — a small-sized race, similar to central European and British 
populations — and a giant one, C. n. apennina (Porro) (= etrusca AA.). The former inhabits hills and plains 
north of the river, and the latter the Apenninian chain, its dependences and valleys south of Po (Fig. 1). 

In the Province of Pavia and the surrounding area (i.e., the southwestern corner of Lombardy), a series of 
110 colonies were investigated, giving a total of more than 2,500 animals. A thousand are Cepaea nemoralis 
nemoralis, from 35 colonies, while 1,500 are С. п. apennina, from 40 colonies. А small group of 5, referred 
to as “mixed” colonies, from a somewhat transitional area south of Po, showed intermediate characters 
between the 2 main races (Fig. 2). 
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FIG. 1. A schematic map of the Province of Pavia and surrounding area. a= Cepaea nemoralis apennina 
(Porro). m = “mixed” or “transitional'” colonies. п = С. nemoralis nemoralis (L.). 
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FIG. 2. Range of size variations of the shell in Cepaea nemoralis apennina (a), C. n. nemoralis s.s. (n) and 
“mixed or “transitional” colonies (m). А = greater diameter of the shell; В = lesser diameter; С = height. 


Important ecological differences do subsist among the habitats of apennina and nemoralis s.s. The former 
lives mainly in a series of small woods and semi-natural hedges, isolated among vineyards and other cultures 
in a landscape conditioned by man since ancient times. Such an habitat can be represented as a residual one, 
although apennina also spreads into the plain, along roads and rivers. As for nemoralis s.s., it fits into a 
completely artificial landscape, i.e., verges and artificial hedges, along creeks, roads and other human works, 
being an almost ruderal snail. While apennina may often be subjected to ecological and microgeographic 
isolation, it frequently shows larger colonies than does nemoralis, which, on the other hand, seems to be 
more resistant to human destruction, more ubiquitous and uniform in its ecology, and probably better 
adapted to a strongly levelled and artificial environment. 

Splitting of the 2 geographic races may be supposed as being of a preglacial origin. After the last 
glaciation, nemoralis s.s. would start from subalpine districts to re-settle the plain; while apennina would leave 
a series of sub-apenninian and pre-apenninian refugees to meet northwards the course of Po. 

Researches into polymorphism of the 2 geographic races showed a low rate of pink shells in both of 
them, while banding was mainly represented by 4 morphs: 00000; 00300; 00345 and 12345. Fused bands are 
uncommon, namely in nemoralis s.s.; ''smudged”” and ’’dotted’’ bands were also rarely found. Disregarding the 
reduced variability, apennina shows 23 combinations, while only 13 were found in nemoralis. Only 3 morphs 
(every one represented Бу a single specimen) of nemoralis were not yet found т apennina, while many 
morphs of apennina are not found in nemoralis s.s. 

White lip, a character largely distributed elsewhere in Italy, was never found in our region among Cepaea 
nemoralis apennina; once only in C. n. nemoralis (a yellow unbanded specimen). 

Predation does not offer good tests in this region for a critical appreciation of the cryptic significance of 
colours and bandings. There are practically no thrushes here during the activity season of Cepaea (April to 
October), while the colonies are too much scattered to allow significant estimations for a possible impact of 
other predators upon the snails. 
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The slightly higher frequency of fused bands in apennina might nevertheless be related to somewhat 
woody and shady biotopes, but a series of collections along the valley of 2 streams south of Po failed to 
allow sound conclusions to be drawn on this ground. Man himself can nevertheless be considered as an 
important selective agent, because Cepaea (namely the large Cepaea nemoralis apennina) are frequently 
collected as an appreciated food, together with Helix pomatia (Linnaeus) and H. /ucorum (Müller). 

It is suggested that the relatively low frequency of the whole species Cepaea nemoralis in northern Italy, 
despite a convenient, hot and moist — although continental — environment, depends mainly on human 
destructive activity on the natural or semi-natural landscape. North of the Po, however, poorly calcareous soils 
must also be taken into account, which predominate locally in the C. n. nemoralis distribution area. 

The “transitional” or ‘‘mixed’’ colonies could be interpreted on the ground of 2 different hypotheses; 
they might be the result of introgressive hybridisation, due to the changing course of the Po until the Middle 
Ages; or they can otherwise be considered as somewhat degenerating colonies of Cepaea nemoralis apennina 
in a less convenient environment, that is far enough from their typical hilly landscape. The latter hypothesis 
better fits into morphological affinities between “гие” apennina and “mixed” colonies, while tendencies 
toward a relative ‘‘dwarfism’’ can be found elsewhere in Italy, in particular ecological conditions, among 
apennina populations. 

In Cepaea nemoralis apennina, casual factors may largely act both in maintaining an intraracial variability 
and in favouring the genetic differentiation of isolated colonies. There are in its area favourable grounds both 
for “founder's effect” and for the “area effects’’ of the Oxonian Authors. Among С. п. nemoralis, however, a 
strong environmental selection seems to be acting toward a restrained genetical variability — or a restrained 
genic expressivity. Man would play a fundamental róle in this levelling action, by creating completely 
artificial and very unsteady ecological niches, as well for Cepaea as for any other organism still able to survive 
in this huge and ugly suburban district of the industrial Lombardy. 

[This work is published in extenso in Arch. Zool. exp. gén., 1975, 116:549-578.] 
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BIVALVE MOLLUSCS AND TEMPERATURE AS AN AGENT 
DETERMINING THEIR GEOGRAPHICAL DISTRIBUTION 


O. A. Scarlato 
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ABSTRACT 


This paper describes certain results of our study of shelf and batial bivalve molluscs of the northwestern 
part of the Pacific Ocean in general, the bivalve molluscs of the northwestern part of the Sea of Japan, the 
Okchotsk Sea and the western part of the Bering Sea in particular. The basis of our investigations were the 
collections of Bivalvia in the Zoological Institute of the Academy of Science, U.S.S.R., to which Russian 
scientists contributed a great many specimens since the 2nd half of the 19th century. The discovery of 276 
new species and subspecies, belonging to 110 genera and 25 families, inhabiting the waters mentioned above 
was the outcome of a detailed study of the collections. About 60 species and subspecies are described for the 
1st time from boreal waters of the northwestern part of the Pacific, while 40 species were until now 
unknown to science. This article deals with one problem alone: the relationship of bivalve molluscs to 
temperature, which is the main factor determining their geographical distribution. 

At present it may be considered an established fact that temperature is one of the most important factors 
in the distribution of marine poikilothermal organisms. In this respect, Orthon (1920), Runnström (1927, 
1929), Thorson (1936, 1950) and others have shown that a very considerable part is played by temperatures 
on species during reproduction, these temperatures occupying a considerably narrower range than the 
temperature limits affecting the species” endurance and for maintaining a relatively stable existence. Thus, it 
would be reasonable to assume that the optimal temperature for reproduction is a display of genetic 
adaptation of the species, an adaptation which was established at the moment of origin of the species, and 
therefore it should approach the optimal temperatures of the species habitation. 

We must emphasize a certain peculiarity of the Bivalvia—a greater majority of them being scarcely mobile 
or wholly immobile poikilothermal animals, the adults of which have no capacity for migration, and for 
seasonal migration in particular. Therefore, one can expect them to enjoy a greater eurithermality than 
mobile poikilothermal animals. However, as we have written in other papers, euribiontity and eurithermality 
in poikilothermal animals does not include their reproduction period and the early stages of ontogenesis, 
when the organisms are becoming more stenothermal and each definite species may reproduce only under ¡ts 
own historically stipulated and genetically determined range of temperatures. 

An analysis of the temperature conditions that the species is exposed to in nature, and a comparison of 
the relatively narrower ranges of temperatures (which limit survival) necessary for reproduction, may offer 
definite reliable information on the temperature optima of species. Data, obtained by Fry (1957), Kinne 
(1963, 1970) and others indicate that species are specific in the limits of their endurance to an increase or 
lowering of temperature. An analysis of water temperature regimes of the borders of areas of a series of 
poikilothermal animals gave Hutchins (1947) an opportunity to show how temperatures restrict the distribution 
of species in cold and warm regions. 

The store of data on the distribution of poikilothermal animals in the sea suggested to us a method of 
indirectly determining the range of temperatures, optimal for a given species, which approaches the 
reproduction temperature of any given species (Golikov & Scarlato, 1972, 1973). We introduced a method 
of approximate evaluation of temperature ranges of specific reproduction according to indirect calculation of 
temperature optima, ranging between summer temperatures (in the north) and winter temperatures (in the 
south) of inhabitance at the borders of specific areas. Such an evaluation may be applied to species living in 
the cold and temperate waters of the northern hemisphere. 

It is clear that although temperature is the most important factor in most cases, still it is not the only 
factor restricting distribution, and it is not the only agent necessary for optimal vital activity of marine 
poikilothermal animals, including bivalve molluscs. 

However, defining by means of the suggested method of temperature ranges approaching the temperature 
optima of species which secure and guarantee their successful reproduction, we emphasize the part played by 
agents other than temperature, which influence the population process, and which may happen to:be of vital 
importance both for the solution of a series of theoretical problems and for practical application, such as +. i. 
acclimatization and artificial breeding of useful species. 

Having applied the above-mentioned principle, we found the approximate values of survival and 
reproduction temperatures for the bivalves of the northwestern part of the Pacific Ocean. The data obtained 
enabled us to observe the change of survival and optimal temperatures within different biogeographical groups 
of Bivalvia, which alter with the change of geographical zones of their distribution. To make the picture 
complete, we have studied life conditions both of representatives of biogeographical groups, distributed 
ТУ the temperate waters of the Pacific, and those which inhabit the tropical and arctic waters alone 

Fig. 1). 
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FIG. 1. Change of survival temperatures and optimal temperatures of different biogeographic Bivalvia groups 
in boreal northwestern Pacific waters according to the geographical zones within the limits of which they are 
distributed. Interrupted line, upper and lower border of survival temperature; continuous line, upper and 
lower border of optimal temperatures (reproduction temperatures). 


As it is shown in the graph, stenothermal tropical shoal species inhabit regions with a narrow range of 
high temperatures (from 27° to 30°C) and reproduce at 28-29°C. Subtropical species live in a wider range of 
temperatures (from 14° to 29°C), multiplying at 25°-28°C. Subtropical species, which have penetrated to the 
borders of' the boreal region, are considerably more eurithermal. These species are fundamentally different by 
their thermopathy from the other 2 groups of species described above. Their temperature endurance ranges 
from -1° to 20°C. They reproduce at 14°-20°C. Lowerboreal species inhabit the region with temperatures 
ranging from -1° to 25°C, reproducing at 6°-14°C. Upperboreal species inhabit areas with temperatures 
ranging from negative t° up to 10°C; their reproduction temperature is 0°-4°C. Lowerarctic species inhabit 
regions with temperatures ranging from -2° to 3°C, propagating themselves at temperatures, approaching 00 
and higharctic species exist all year round under negative temperatures. 

Complete information on the temperature characteristics of different biogeographical groups of Bivalvia, 
distributed in strict succession in different geographical zones, from tropics to the arctic latitudes, enables us 
to draw a hypothetical picture of certain successive stages of adaptation to modern temperature conditions of 
life of boreal and arctic shoal marine animals, including Bivalvia. 
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FIG. 2. Change of species number of a given biogeographic Bivalvia category in boreal northwestern Pacific 
waters depending on the range of temperatures tolerated by them. 1, tropical-subtropical and subtropical 
species; 2, low boreal species; 3, widely distributed boreal species; 4, boreal arctic species; 5, high boreal 
species; 6, arctic species. 


De 


2 ln) 2 4 6 8 10 12 14 16 18 20 22 24 26 


FIG. 3. Change of species number of a given biogeographic Bivalvia category in boreal northwestern Pacific 
waters according to the range of their optimal temperatures. (Conventional designations are the same as on 
Fig. 2.) 


Let us take for an example some families of Bivalvia: Veneridae, Mactridae, Tellinidae and others, which 
have originated in the ancient tropical sea. The greater majority of these families presently inhabit the 
tropical and subtropical aquatoria as well; however, boreal-arctic species belonging to these families are widely 
distributed in the northern parts of the Pacific and Atlantic Oceans and in the Arctic Ocean (respectively, 
Liocyma fluctuosa, Spisula elliptica, Macoma moesta and some other species). 

One may assume that a sudden broadening of survival temperature ranges was the 1st stage of the 
adaptation process while the reproduction temperatures at first remained unchanged. At the 2nd stage there 
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must have followed an even stronger (maximal!) widening of the ranges of survival temperatures and the 
species acquired the capacity to endure negative temperatures together with a certain lowering of 
reproduction temperature ranges. Further on, the process of adaptation to boreal conditions must have been 
influenced by the narrowing of the survival temperature ranges, due to elimination of high temperatures, and 
by the continual lowering of reproduction temperatures. The adaptation to arctic life conditions went the 
way of even greater narrowing, both of survival and reproduction temperature ranges, so that they were 
transferred to the zone with negative temperatures. 

It is clear that the range of survival temperatures grows narrower within species existing at greater depths, 
where the seasonal temperature changes are but slight. To receive a clear picture of survival temperature 
ranges of all species of a certain biogeographical category and to learn the number of the species with 
different thermopathy, we have drawn a graph, showing the change in species of the various biogeographical 
groups of Bivalvia according to the range of temperatures they endure (Fig. 2). 

As in temperate waters of the northwestern part of the Pacific, an overwhelming majority of shelf species 
live under negative temperatures in winter, and the graph shows that with the lowering of temperatures, the 
number of species existing at such temperatures increases. 

Optimal temperatures in different biogeographical groups were analysed in the same way (Fig. 3). The 
graph shows the change in the number of species of certain biogeographical groups of Bivalvia due to the 
range of their optimal temperatures. By this method of treatment of the material, we can define the 
conditions of life of a majority of species and get an idea of frequency distribution of bivalve species with 
reference to thermopathy. 

The presented material gives an evidence of the fact that survival temperature ranges are precisely fixed in 
different biogeographical groups of species; however, the temperature range of their optima, which 
approximately corresponds to reproduction temperatures, is even narrower and more precisely fixed. In all 
probability, these temperature characteristics of species have been stipulated by the conditions under which 
the corresponding groups of species originated; besides, the same conditions have determined the further 
distribution of the species. 
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ABSTRACT 


The susceptibility of Planorbarius metidjensis from Portugal and Salamanca (Spain) to 
Schistosoma bovis from Salamanca was studied. The degree of susceptibility as measured 
by positivity rate, number of cercariae, pre-patent period and survival rate, showed that 
P. metidjensis from Portugal and Spain are very susceptible то $. bovis from Salamanca. 
The role of P. metidjensis as a host of 5. haematobium 15 questioned and further studies 
are shown to be necessary. To determine if the disease exists in Portugal, the bovine and 
snail populations on the border with Salmanaca and Algarve are beginning to be screened. 


INTRODUCTION 


In 1972, Martin et al. found a focus of Schistosoma bovis in the Spanish province of 
Salamanca on the border with Portugal (Fig. 1). As Planorbarius metidjensis is the natural host 
of $. bovis in that focus, we decided to determine if the Portuguese P. metidjensis was also 
susceptible to that strain and to compare its susceptibility with Spanish snail populations. This 
study is very important in order to 1) know if foci of S. bovis like the ones found т 
Salamanca occur also in Portugal, 2) clarify whether P. metidjensis is or is not a host of S. 
haematobium in Portugal, and 3) maintain S. bovis in laboratory and compare it with a strain 
of S. haematobium (the difficulty of distinguishing the 2 is well known). 


MATERIAL AND METHODS 


The Portuguese Planorbarius metidjensis populations came from Estoi in Algarve (south of 
Portugal) and from Sabugal, a Portuguese village near the border with the province of 
Salamanca (Fig. 1). The 1st population has been adapted to our laboratory conditions in Porto 
since 1969 and the Sabugal snails since 1972. All snail populations were reared by the 
Oscillatoria formosa Bory method (Xavier et a/., 1968). The Spanish populations came from 
Villar del Yegua, and from Valdespino, villages in Spain near the border with Portugal (Fig. 1). 
The Schistosoma bovis first isolated in 1970 came from a calf found naturally infected in Villar 
del Yegua. 

The miracidia for the 1st experimental infection in Porto were obtained from eggs of lamb 
faeces. The lambs were experimentally infected in the laboratory in Salamanca by the technique 
described in 1972 (Martin et a/.). The miracidia used in the passages after the Ist one were 
obtained from experimentally infected hamsters in the laboratory in Porto by the technique 
described in 1969 by Xavier et a/. For the experimental infection of the snails, 25 snails 
1-month old were individually placed in holes of an agglutination perpex block and each snail 
was exposed to 5 miracidia. Two other groups of 25 snails were used, where each mollusk was 
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FIG. 1. Planorbarius metidjensis from Portugal and Salamanca and Bulinus contortus from Portugal. 


exposed to 10 and 20 miracidia respectively. The snails were exposed for 6 hours and then 
transferred to rearing jars with Oscillatoria and maintained at 28°C in semi-darkness until 
cercariae were shed. After the 20th day, the snails were flushed with water at 23°C in a screen 
and individually placed in a glass containing 1ml of water and incubated at 37°С for 30 
minutes to shed, cercariae. After screening the positives from the negatives, the positive snails of 
the same group were gathered in beakers with 10 ml of water and placed under a 100-watt 
lamp to complete the emission of cercariae. 


RESULTS 


The results concerning the snail populations exposed to miracidia from hamsters is shown 
in Table 1; in the Portuguese snail populations the infection rates were between 52% and 
80% in the populations from Planorbarius metidjensis of Estoi and between 12% and 24% in 
the population from Sabugal. In the Spanish populations, it was 8-24% in P. metidjensis from 
Villar del Yegua, and between 32% and 72% in the populations from Valdespino. Only in the 
snails from Estoi was an increase in infection rates observed with increasing numbers of 
miracidia. During the period of 40 days, the lowest mortality rate in infected snails was 
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TABLE 1. Experimental infections of Planorbarius metidjensis populations with Schistosoma bovis from 
Salamanca (Spain). 


Pre-patent Cercariae production per % of snails mortality 
Snail period (days) Positive snail per day (weeks) in 40 days 
population Group min. mean no. % Ist 2nd 3rd 4th exposed control 
Algarve | 26 32 17 68.0 216 316 38 102 8 0 
(Estoi) И 26 32 13 52.0 125 250 416 64 12 0 
111 16 19 20 80.0 126 128 768 80 12 0 
Sabugal | 23 23 3 12.0 90 60 50 60 48 40 
И 18 18 6 24.0 44 70 — _ 92 40 
111 23 29 5 20.0 25 50 90 40 56 40 
Villar del | 20 20 5 20.0 50 35 90 20 20 0 
Yegua И 33 33 6 24.0 87 100 — = 88 20 
111 20 20 2 8.0 30 80 100 60 48 0 
Valdespino | 26 37 16 64.0 26 35 35 91 8 0 
II 26 36 18 72.0 23 35 42 94 32 0 
111 21 25 8 32.0 30 44 146 335 52 0 


Groups of 25 snails. 
No. of miracidia per snail: I=5. 11=10. 111=20. 


observed in the snails from Estoi (8-12%). The highest mortality rate was from Sabugal 
(48-92%), and this rate was independent of the number of miracidia used. The Spanish 
populations showed intermediate mortality. At 28-30°C, the mean pre-patent period was 
between 18 and 37 days in the snails studied, with a minimum ranging from 16 to 33 days. 
The daily cercariae production observed during a period of 4 weeks increased from the 1st 
week to the 3rd week, then declined. One population (Valdespino) showed the maximum on 
the 4th week. The snails that showed a lower number of cercariae per snail per day were the 
snails from Sabugal and Villar del Yegua. 

The degree of susceptibility measured by positivity rates, number of cercariae produced, 
pre-patent period and mortality rates, showed that, in spite of some observed differences, the 
populations studied were very susceptible to Schistosoma bovis. This was also confirmed by the 
fact that the $. bovis strain from Salamanca could be maintained in Porto until the 10th 
passage in Portuguese and Spanish P. metidjensis populations, and to the 9th passage in 
hamsters (Silva et a/., 1974). 


DISCUSSION 


Planorbarius metidjensis has been considered to be the sole host of Schistosoma haemato- 
bium in Portugal (Algarve) since 1923 (Franga et a/., 1923; Bettencourt et al., 1927; Azevedo et 
а/., 1948). In 1964 Xavier et al. showed that Р. metidjensis is resistent to the $. haematobium 
strain from Guinea and they never found these snails naturally infected in the field. In 1965 
and 1969, Azevedo et а/., showed that Bulinus contortus from Coimbra and Algarve are very 
susceptible to the S. haematobium strain from Guinea. This raised the question of Azevedo et 
а/., and also Mandhal-Barth in 1969: 15 Р. metidjensis the actual host of $. haematobium т 
Portugal? 

Planorbarius metidjensis and Bulinus contortus as well, are shown in this work to be highly 
susceptible to Schistosoma bovis from Portugal. P. metidjensis has also been shown to be the 
natural host of this schistosome strain from Salamanca. On the other hand, P. metidjensis is 
resistant to S. haematobium from Guinea, while B. contortus is very susceptible to this strain. 
All these observations raise 3 other questions: 1) Do $. bovis and $. haematobium both exist in 
Algarve? 2) Is № possible that cercariae formerly reported in P. metidjensis as coming from $. 
haematobium were from $. bovis, since they are difficult to distinguish? 3) Are both P. 
metidjensis and В. contortus hosts of $. bovis in Portugal, but is В. contortus alone the host of 
$. haematobium? In Marroco, where both of these species of snails coexist, only В. truncatus 
was reported as the host of S. haematobium (Carrose, 1959). More detailed studies are 
necessary to settle these matters. 
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On the other hand, since the Portuguese P. metidjensis are highly susceptible to $. bovis 
from Salamanca, it is important to study the bovine populations in the area where these snails 
occur, mainly in the border with Salamanca, and in Algarve, in order to know if the disease 
exists in Portugal. Studies on this subject have already been started in Porto and Salamanca 
laboratories. 
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ABSTRACT 


The morphology of the blood and the connective tissue of Lymnaea stagnalis has been studied. The aim 
of this work was to investigate the functions of the different cell types. One of the main questions to be 
answered was whether and to what degree certain cell types are involved in defense reactions such as 
inflammation, phagocytosis and encapsulation of foreign materials, cellular and humoral immunity. This study 
on fundamental aspects of defense responses is of interest to the study of invertebrate pathology in general 
and in particular to the study of parasitism. 

Light and electron microscopical observations show that Lymnaea stagnalis possesses only 1 type of blood 
cell, the amoebocyte. Their number in the circulating blood is low compared to vertebrates and very variable 
(numbers of 500-4000 per mm? blood were found). Amoebocytes also occur in the connective tissue. The 
cells are rounded and have a round, kidney-shaped or lobulated nucleus; they possess pseudopodia 
(undulating membrane) and have a prominent lysosomal apparatus. The cells adhere readily to glass. These 
characteristics are typical of phagocytosing cells such as vertebrate macrophages. On the basis of this, it is 
supposed that amoebocytes play a part in the removal of foreign substances from the snails’ bodies. To test 
this hypothesis, injection experiments, using both abiotic (India ink, trypan blue, colloidal silver and gold) 
and biotic (ferritin, bacteria and yeast cells) materials, were carried out. The results revealed that 
amoebocytes phagocytose the injected substances rapidly and in large amounts. In addition, the experiments 
show that abiotic materials are accumulated in the amoebocytes, while biotic materials are degraded. It has 
been shown in enzyme cytochemical studies combined with injection experiments, that the lysosomal 
Aalen acid phosphatase and peroxidase are involved in the digestion of the ingested materials (Sminia, 
1972). 

Small particles are phagocytosed by amoebocytes. Another question is what happens to foreign material 
which is too large to be phagocytosed by a single cell. Studies on the life cycle of certain molluscan 
metazoan parasites have shown that such organisms are surrounded by host cells. In order to study this 
process of encapsulation in more detail, experiments were performed in which abiotic as well as different 
types of biotic material (autologous, homologous and heterologous tissue) were implanted. It appears that 
abiotic material evokes a severe host reaction: within 24 hrs the implants are completely encapsulated by a 
large number of amoebocytes. During the further process of encapsulation, the initially round amoebocytes 
transform into flattened cells, which produce collagenous connective tissue. As a result, a collagenous 
connective tissue capsule is formed. Host reactions to the biotic implants are quite different. Autografts and 
allografts are not encapsulated; only a transient amoebocyte reaction occurs at the cut surfaces of these 
grafts. Xenografts, on the other hand, are not accepted; these grafts are encapsulated and infiltrated by 
amoebocytes. On the basis of these results, it is concluded that Lymnaea stagnalis is able to discriminate 
between different types of implant (Sminia et a/., 1974). 

Amoebocytes also appear to play a part in tissue repair. Their involvement in this process has been 
studied in experiments in which snails were wounded by making short incisions in the body wall. At different 
times after wounding the wound area was fixed and prepared for light and electron microscopic studies. It 
appears that immediately after incision the wound areas are infiltrated by a large number of amoebocytes. 
These cells which clear the wound area of invading micro-organisms and cell debris, aggregate into small 
thrombi which together form a large amoebocyte plug. The wound is closed by the formation of a cell plug 
and by contraction of the muscles of the body wall. During the further process of wound healing, several 
structural changes occur in the amoebocyte plug—the size of the plug diminishes, the round amoebocytes 
transform into flattened cells and the flattened cells form collagenous connective tissue fibrils. As a result of 
these alterations, the amoebocyte plug has been replaced by collagenous connective tissue. Thus, the 
amoebocytes play a part not only in the initial phase of the wound healing process (wound closure), but 
also in the clearing phase (phagocytosis of the remnants of damaged tissue) and the repair phase 
(reorganization of the wound area, production of collagenous connective tissue) (Sminia et al., 1973). 

From the foregoing it is evident that blood amoebocytes are involved in the defense system of the snail. 
As mentioned above, amoebocytes are present in the blood and the connective tissue. We carried out 
investigations into the origin of the amoebocytes and searched for possible haematopoietic organs. Study of 
the connective tissue reveals that amoebocytes are present in this type of tissue throughout the whole body. 
They occur randomly scattered or in large accumulations. These accumulations are mainly present in the 
connective tissue of the heart-kidney system. No morphological differences were found, however, between 
blood and connective tissue amoebocytes. Moreover, both types of cells show mitotic figures, albeit in very 
low numbers. These data indicate that Lymnaea stagnalis does not possess a well-defined haematopoietic 
organ. This assumption is supported by tritiated thymidine labelling experiments. It appears 1) that both 


(255) 


256 PROC. FIFTH EUROP. MALAC. CONGR. 


blood and tissue amoebocytes incorporate tritiated thymidine and 2) that the percentage of dividing cells in 
the blood and the connective tissue is the same. On the basis of these results, it is concluded that L. stagnalis 
lacks a well-defined haematopoietic organ. The morphology of the dividing cells was also studied. The 
dividing cells appear not to be morphologically different from normal blood amoebocytes. Moreover, in 
injection, implantation and injury experiments, it was shown that labelled cells play a role in phagocytosis 
and encapsulation of foreign substances, as well as in wound healing processes. These observations indicate 
that the labelled cells are mature amoebocytes. In other words, amoebocytes originate from other 
amoebocytes. This indicates that amoebocytes constitute a self-supporting population of cells. Apparently the 
large number of tissue amoebocytes constitutes a reservoir of cells, which under certain conditions (infection, 
injury) can be emptied into the circulating blood. In this way L. stagnalis possesses a very efficient and 
quick-acting cellular defense mechanism (Sminia, 1974). 

In addition to amoebocytes, the following cell types are distinguished in the connective tissue: pore cells, 
granular cells, vesicular connective tissue cells, calcium cells, fibroblasts, pigment cells and muscle cells 
(Sminia, 1972). It is concluded on the basis of histochemical and ultrastructural research, that pore cells 
produce blood pigments; haemocyanin in snails having haemocyanin as the oxygen carrier (Lymnaea stagnalis) 
and haemoglobin in snails which possess haemoglobin as the respiratory pigment (Biomphalaria glabrata, 
Planorbarius corneus) (Sminia et а/., 1972; Sminia & Boer, 1973). The granular cells, whose structure 
resembles that of the mast cells present in the connective tissue of vertebrates, probably produce blood 
proteins. The very large vesicular connective tissue cells, which are quite numerous in the mantle flap and the 
connective tissue around the digestive gland and ovotestis, contain large amounts of glycogen. The function 
of these cells apparently 1$ to store glycogen as reserve material for nutritive purposes, since under adverse 
conditions (starvation, infection by parasites) the amount of glycogen in these cells decreases greatly. 
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JAN MAYEN MOLLUSCS 


Jon-Arne Sneli 


Biologisk stasjon, N-7001 Trondheim, Norway 


ABSTRACT 


Within the 400 m isobath off the island of Jan Mayen, in the Norwegian Sea, living 
specimens of a total of 103 species of marine molluscs have been found. 

The zoogeographical composition of this molluscan fauna is presented and, for some 
of the species, their densities per square m are given. 


The Norwegian island Jan Mayen is located at about 71°N Lat., and 8° to 9 W Long., about 
550 km NNE of Iceland and 430 km E of Greenland. 

The molluscan fauna in the waters around this arctic island has mainly been known from 
samples taken at about 40 stations investigated by a total of 7 expeditions at the turn of the 
century: The Norwegian North Atlantic Expedition 1876-78 (Friele, 1877, 1879, 1882, 1886; 
Friele & Grieg, 1901), The Austrian Scientific Expedition 1882-83 (Becher, 1886), The Danish 
Ingolf Expedition 1895-96 (Ad. Jensen, 1912; Thorson, 1944; Ockelmann, 1958), The Swedish 
Zoological Expedition to Spitzbergen, NE-Greenland, and Jan Mayen 1900 (Hágg, 1904, 1905), 
The Michael Sars Expedition 1900 (Friele, 1903), The Danish East Greenland Expedition 1900 
(Thorson, 1944; Ockelmann, 1958), and The French *“Pourquoi-Pas?”” Expeditions of 1912, 
1913, 1925 and 1926 (Lamy, 1913a,b, 1926; Remy, 1928). 

A synopsis of the molluscan finds from these expeditions is being published by Sneli & 
Steinnes (1975). 

In August 1972, the Norwegian Institute of Polar Research arranged an expedition to the 
island, including participants from the Royal Norwegian Society of Science and Letters, the Mu- 
seum, Trondheim. General information on the results of the marine investigations carried out by 
this expedition and a description of the investigated stations has already been published by 
Gulliksen (1974). 

A total of about 1,550 live molluscs were collected at 42 dredging stations and 17 diving 
stations, all situated inside the 100 т isobath surrounding the island (Fig. 1). The material 15 
stored at the Museum in Trondheim. 

The molluscs recorded comprised 19 prosobranch, 5 opisthobranch, 2 pteropod and 17 
pelecypod species (Sneli €: Steinnes, 1975). In addition to an opisthobranch species probably 
new to science (H. Lemche, pers. comm.), only 2 of the species, viz., Acmaea testudinalis 
(Müller) and Limatula sp. subauriculata aff. (К. W. Ockelmann, det.), had not previously been 
recorded from the waters around Jan Mayen. 

A total number of 6 specimens of Acmaea rubella (Fabricius) were found at 2 of the 
dredging stations, as well as Margarites groenlandicus (Gmelin) at 4 stations (6 specimens) and 
M. helicinus (Phipps) at 3 stations (14 specimens). Submarine photos, however, show that all 
these species seem to be much more common than would appear from the dredging results 
(Table 1). 

The material presented in Table 1 cannot in general terms justify a statistical analysis, since 
the few pictures making up the photographed area covering only 178 ст?, could easily have 
been taken just beside one or more dense patches of snails. As little information on the 
quantitative distribution of hard-bottom benthos exists in print the present material still has 
great intrinsic interest. Two of the stations provide reliable information about the distribution 
of Acmaea rubella (Stn. 6) and Margarites helicinus (Stn. 2). At both these stations, the 
individual species seem to exhibit an aggregated type of distribution (Table 1). 
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FIG. 1. Map of Jan Mayen, showing the locations of the dredging and diving stations. 


TABLE 1. The numbers of live individuals, per 178 cm?, of conspicuous, hard-bottom prosobranchs found at 
Jan Mayen, calculated from underwater photos. The maximum number ot specimens observed on a single 
photo (max), the mean (x), standard deviation (s) and coefficient of dispersion (c.d. = variance/mean) are 
given for each species. 


Station No. 1 2 3 6 11а 11b 13 
Depth in m 18-20 10-12 10-17 15-18 18-20 25 25 
No. of pictures 16 8 14 31 22 14 19 
Acmaea rubella 

max 3 0 4 7 10 2 1 

x 0.19 0.29 2.81 0.59 0.14 0.05 

$ 0.75 1.07 4.61 2.2 0.53 0.23 

d.c. 2.95 3.93 751 8.19 2.07 1.00 
Margarites groenlandicus 

max 0 0 1 3 3 2 1 

x 0.07 0.19 0.55 0.43 0.11 

S 0.27 0.6 0.86 0.65 0.32 

d.c. 1.00 1.89 1:33 0.98 0.91 
Margarites helicinus 

max 1 5 1 1 1 1 0 

5G 0.13 2.13 0.14 0.03 0.09 0.07 

$ 0.34 LT) 0.36 0.18 0.29 0.27 

d.c. 0.92 2.19 0.93 1.00 1.00 1.00 
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TABLE 2. The zoogeographical composition of the marine molluscs found within the 400 m isobath off Jan 
Mayen. 


Arctic element Wide distribution 


Total 
Pan- Total for Low- Incl.of Excl.of num- 
Рап- High- Low- Sub- arctic arctic arctic high- high- ber of 
Class arctic arctic arctic arctic boreal element boreal arctic arctic species 
Caudofoveata 1 1 
Placophora 1 1 2 3 
Prosobranchia 28 3 6 3 4 44 1 7 1 53 
Opisthobranchia 4 1 1 1 7 4 1 12 
Pteropoda 1 1 2 2 
Pelecypoda 16 3 2 5 26 1 1 28 
Scaphopoda 1 1 1 
Cephalopoda 1 1 2 1 3 
Total number 49 8 7 5 14 83 7 10 3 103 


In % 47.6 7.8 6.8 4.8 13.6 80.6 6.8 97 229 100 


TABLE 3. The zoogeographical composition (in percent) of the prosobranch and pelecypod species found off 
East Greenland and Jan Mayen. The East Greenland percentages are calculated from data published by Thorson 
(1944) and Ockelmann (1958). 


Arctic element 


Pan- Total for Low- Wide 
Pan- High- Low- Sub- arctic arctic arctic distri- 
Locality arctic arctic arctic arctic boreal element boreal bution 
GREENLAND 
Nordöstkyst Area 54.4 25.0 1.5 0 11.8 92.6 0 1:3 
Franz Josephs Fjord 
Area 51.7 2215 1.1 2.3 12.4 89.9 0 10.1 
Scoresby Sund Area 53.4 20.0 282 0 133 88.9 0 MELO 
Kangerdlugssuaq Area 59.6 14.9 21 0 14.9 91.5 0 8.5 
Sydöstkyst Area 52.6 8.2 8.2 ON 9.3 81.4 3.1 15:5 
JAN MAYEN 54.3 7.4 7.4 6.2 11.1 86.4 2.5 Ute 


The maximum number of specimens found per m? was, calculated from the total numbers 
of specimens observed on the pictures, 957 for Acmaea rubella, 168 for Margarites groen- 
landicus and 281 for M. helicinus. 

For Hiatella arctica (Linnaeus), the dredge hauls yielded a total of only 23 specimens. 
Nevertheless, this species seems to be the most prominent pelecypod found on rocky bottoms. 
On one photo, taken at 11 m depth and covering an area of 178 cm?, it is possible to count 56 
pairs of siphons (implying more than 3,000 specimens per m?) and a mean count from 7 
photos, taken at 10 to 12 m depth, yields an estimated density of 1,500 specimens per m?. 

The synopsis presented by Sneli 8: Steinnes (1975) comprises 103 molluscan species found 
alive within the 400 m isobath off Jan Mayen (Table 2). Comparing the zoogeographical 
distribution of the Jan Mayen pelecypods and prosobranchs with those found at Spitzbergen 
and East Greenland (Thorson, 1944; Ockelmann, 1958), the species composition at Jan Mayen 
seems to resemble most closely that found off the southeastern coast of Greenland (Table 3). In 
both areas, the percentage of high-arctic species is low. In addition, both areas harbour a fairly 
considerable percentage of species which are never found in really high-arctic waters. 
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ABSTRACT 


The 3 subgenera of Paludomus in Ceylon, Paludomus s.str., Philopotamis and Tanalia, 
can be distinguished by their opercula. The subgenus Pa/odomus s.str. is restricted mainly 
to slow-flowing streams, and is found in both the flat and hilly areas. The species of the 
subgenera Philopotamis and Tanalia are endemic, and are restricted to the fast-flowing 
torrents and mountain streams in the crystalline mountain area of southwestern Ceylon. 
The endemic subgenus Tanalia includes 3 distinct species, of which 2, P. (T.) loricatus and 
Р. (T.) neritoides, are very variable in size and shell shape. Within this variability, these 2 
species include several different forms with all integrading transitions within the different 
populations. 


Ceylon, situated between the 6° and 9°N latitude and the 79° and 82°E longitude, is a 
detached part of the continental Dekkan plateau of ancient crystalline rocks. The central 
highlands, with elevations between 1400 т and 1800 т, is like an island surrounded by 2 
peneplains. The lowlands extend inward from the coast to an altitude of 100-150 m, and the 
uplands extend from an altitude of 150m to 500-700 т. The highlands and uplands are 
composed of crystalline Precambrian rocks. The greater part of the lowlands is composed of 
very strongly metamorphic Palaeozoic rocks (Vijayan series). In western Ceylon, basins with 
sedimentary rocks of Upper Jurassic age form a part of the Gondwana system. Only the 
northwest covers a thick belt of limestone from the Lower Miocene age. 

The climate shows only slight seasonal variations. The southwest of the island has very heavy 
rainfalls (2000-7000 mm average), while there are several months of dry season without rain in 
the north. 

Due to their short courses, the running waters of the highlands and the uplands have steep 
falls; on the average 15 p.m., but in higher regions the falls rise to 50 p.m. These events cause 
high current velocities (between 1 to 2 m/sec.) in the mountain streams. Only at the stream 
edges, in the pools between the cascades and in the lower parts of the streams does the current 
reach 30 to 50 cm/sec. In the waterfalls and torrents, the bottom is formed of standing, smooth 
granitic rocks, interrupted by regions of larger and smaller boulders. On the banks and in the 
pools, the bottom is covered by gravel and sand. In the lower regions, a muddy bottom is 
typical. 

The water temperatures increase ¿from 15°С in the springs and streams in the highlands 
(1800-2000 m elevation) to 22°-25°C in the uplands and 25°-28°C in the lowlands. The 
day/night temperature changes vary from 4°-5°C in the highlands, from 3°-4°C in the uplands, 
and from 1°-2°C in the lowlands. 

In the crystalline highlands and uplands, the inland waters are extremely poor in electrolytes, 
especially in CaO and MgO. The total hardness changes from 0.08°dH (German Hardness 
Degree) to 2.35°dH. Only in the regions of limestone do the waters reach values between 7°dH 
and 12.9°dH. 

Of the 31 species and subspecies of freshwater gastropods found by the Austrian-Ceylonese 
Hydrobiological Mission 1970, reported in the collections of Prof. Costa (1971) and the 
Swedish Lund University Ceylon Expedition (1962), 37% are endemic to Ceylon. Of these, 33% 
belong to the genus Pa/udomus, with its 3 subgenera. Species of the subgenus Pa/udomus s.str. 
are also partly distributed in the Indo-Malayan Region. The subgenus Phi/opotamis is restricted 
to Ceylon and Sumatra, and the subgenus Tanalía is highly endemic to the highlands of 
southern and southwestern Ceylon. 
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The 3 subgenera are distinguished by the characters of their opercula. In Paludomus s.str., 
the nucleus is submedian, displaced to the left, the growth striae are subspiral rather than 
concentric, and on the inner surface of the operculum (in the region of the nucleus), there are 
distinctly marked, stairstep-like growth lines. In Philopotamis, the nucleus of the operculum is 
sub-basal and dextral, and the growth striae are paucispiral. The nucleus of the operculum of 
Tanalia is laterally situated and dextral. 

The subgenus Paludomus is represented in Ceylon by 5 species and a subspecies. 

Paludomus (Paludomus) chilinoides Reeve 1847 (including zey/anica, phasianinus, constrictus, 
laevis, parvus, fulguratus, pyriformis) is a very common species in slow and fairly fast-running 
streams with gravel and sandy bottoms in both the lowlands and uplands. dt occurs mostly 
outside of the granitic area, in waters with a total hardness between 9° and 13° dH (CaO: about 
50 mg/l). 

Paludomus (Paludomus) inflatus Brot 1880 (including ?striatula) is rare in eastern Ceylon, 
occurring in slow-flowing streams. lt seems that the species is a synonym of striatula Nevill 
1884. Paludomus inflatus occurs especially in southern India. Paludomus (Paludomus) palustris 
Layard 1854 1$ a rare species from northern Ceylon. 

Paludomus (Paludomus) tanschauricus Gmelin 1791 (including spiralis, modicella, acutus, 
lutosa, spurcus, tanjoriensis (-tanchaurensis), gracilis, kandapaensis, malabarica) is an Indian 
species which occurs only in northern Ceylon. It is found in slow-flowing streams and in 
temporary streams in dry secondary scrubland. 

Paludomus (Paludomus) tanschauricus nasutus Dohrn 1857 does not always have well 
developed ridges on the upper whorls, as does tanschauricus s.str. It also differs by a distinct 
impressed line below the suture. This subspecies occurs only in the east and southeast of the 
central highlands and uplands of Ceylon, preferring streams in the limestone area of the 
southeast where the total hardness is 11.6 dH (CaO: nearly 60 mg/l). 

The subgenus Philopotamis is represented by 5 species, all endemic to Ceylon. 

Paludomus (Philopotamis) bicinctus Reeve 1852 (including abbreviatus) is found only in the 
mountains of the eastern Central and Uva provinces of Ceylon, occurring in fast-running 
streams with cascades up to 1100 m in height. 

Paludomus (Philopotamis) decussatus Reeve 1852 is a very rare species in fast-running streams 
of the Uva Province, occurring in the uplands at about 500 m altitude. 

Paludomus (Philopotamis) nigricans Reeve 1847 occurs exclusively in the cool brooks and 
torrents of the highlands of the Central Province at altitudes between 800 m and 2000 m. The 
temperatures in these waters are around 15°C and the hardness is very low (0.65°dH), as is the 
CaO content (2.6 mg/l). 

Paludomus (Philopotamis) regalis (Layard 1854) is very rarely reported from the uplands of 
the southern and western provinces. This snail was found in fast-running streams at an altitude 
of 325 m. 

Paludomus (Philopotamis) sulcatus Reeve 1847 (including the varieties minor, contractus and 
compactus) occurs in fast-running streams in the uplands of southwest Ceylon which have a 
hardness lower than 1°dH (CaO: 2 mg/l). 

The subgenus Тапа//а, represented by 3 species, is restricted to the uplands and highlands of 
central and southeastern Ceylon. 

Paludomus (Tanalia) loricatus Reeve 1847 (including undatus, pictus, funiculatus, layardi, 
erinaceus, aereus, erinascens, similis, reevei, skinneri, distinguendus, nodulosus, torrenticola and 
aculeatus) is extremely variable in size and height of the spire, and in sculpture (showing all 
transitions). This variability was the reason for about 15 nominal species being named on shell 
characters. The study of a large number of individuals collected in the various streams of the 
highlands indicated that these “species” should be separated into 4 varieties of /oricatus, 
connected by transitions. In the variety /oricatus s.str. (or typica), the exserted (but mostly 
eroded) spire is spirally encircled with close-set squamate ridges. In the variety erinaceus, the 
spiral ridges are composed of distinctly thorn-like scales, especially in young specimens. The 
variety funiculatus has spiral cords with rather distant obtuse ridges (sometimes vertically 
striated with well-marked close-set striae) on the exserted spire. These variations merge into the 
variety pictus, where the exserted spire is spirally and vertically obtusely striated or grooved. 
Members of this variable species are typically inhabitants of the fast-running streams in the 
uplands of the crystalline mountains in southeastern Ceylon, where the snails are found on 
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rocks and stones in a current between 30 cm and +1 m/sec. The water of these streams has а 
very low hardness (between 0.5” and 1.2°dH; CaO: 2 to 6.38 mg/l). The species prefers the 
main parts of the streams, rather than the smaller affluents, where the 2nd Pa/udomus species of 
the subgenus, Paludomus (Tanalia) neritoides, predominates. 

Paludomus (Tanalia) neritoides Reeve 1847 (including gardneri, tennanti, dilatatus, thwaitesi, 
cumingianus, dromedarius, swainsoni, melanostoma, and variety globosus) is distinguished from 
loricatus by its depressed spire, which is enveloped by the large globular penultimate whorl. In 
the varieties tennanti and gardneri the spire is scarcely exserted; in the varieties neritoides s.str. 
and dilatatus the spire is little exserted. Therefore, it is sometimes difficult to distinguish the 
shell of variety dilatatus, from P. (T.) loricatus variety pictus. As noted above, P. (T.) neritoides 
and its varieties inhabit the smaller tributaries of the mountain streams in the uplands and 
highiands of southwestern Ceylon. Also, it is found only in the crystalline zone up to 1700 m 
elevation, in very soft (0.25°dH to 2.35°dH), slightly acidic water (pH: 5.8 to 6.7) with very 
low mineral content (СаО: 2-4 mg/l). It should be noted that the species disappears if the 
hardness of the water is below 0.25°dH, the pH is below 5.8, the, CaO content below 1 mg/l, 
ог the electrolytic conductibility lower than 10 u Siemens. The shells of P. (T.) neritoides and 
loricatus are almost decollated in such soft waters, and they are strongly erroded by the 
dissolved CO». 

The 3rd species, Paludomus (Tanalia) solidus Dohrn 1857, occurs only in some of the 
calcareous streams of the hilly limestone region in the southeastern Uva Province. The total 
hardness of these waters is about 11°-12°dH, the CaO content about 60 mg/l (!) and the pH up 
to 8.3. In these streams the other 2 species of the subgenus are absent. 

М is suggested from our studies that the 3 species of the subgenus Tanalía have evolved from 
the ancestors of the Paludomeae in the isolation of the mountains of southeastern Ceylon (“оп 
an island on the island’’), adapting to the conditions of the fast-flowing mountain streams. 

There are no significantly different characteristics of the anatomy of the different species of 
the genus Paludomus, except that the radulae of the species of the subgenus Tanalia are 
extremely long, and the denticles on the central and lateral teeth are much stronger than in 
species of the subgenera Paludomus s.str. and Philopotamis. This can be explained by the 
habitat of Tanalia—on granitic rocks and stones in fast-flowing' streams where the radula 
scratches off incrusted algae. The species of the 2 other subgenera live mostly on soft bottoms, 
such as sand and mud. 

The female system of Paludomus consists of the ovary, oviduct, uterus (coiled in a double 
S-shaped loop), vagina and a sac-like receptaculum seminis. A flap on one side guards a ciliated 
furrow, which leads from the vaginal opening and receptaculum seminis to a small groove on 
the right side of the anterior part of the foot. The male reproductive organs consist of the 
testis, the coiled vas deferens, an enlargement of the lower part of the system called vesicula 
seminalis, and a small penis-like organ connected to a sac-shaped gland. A deep ciliated furrow, 
guarded by a flap, runs from the genital opening to the mantle opening on the right side. This 
Нар arises from the ventrolateral edge of the upper part of the vesicula seminalis. It is a 
homologue of the flap protecting the genital groove in the less specialized forms of the 
Thiaridae. 

The most closely related Recent genus to Paludomus 15 Cleopatra, which 15 found in Africa 
and Madagascar. The species of Cleopatra from Madagascar and the Seychelles are especially 
related—by their shells and anatomy—to the Indian-Ceylonese Pa/udomus. The occurrence of the 
tribe Paludomeae (Paludomus and Cleopatra) in East Africa, Seychelles, Comores, Madagascar, 
Ceylon, India, Siam and Burma suggests that this old tribe, known since the Upper Cretaceous, 
is a relict of an old “Gondwana stock." 

From the studies of the 1970 Austrian-Ceylonese Hydrobiological Mission, the ecological 
distribution of the species of Paludomus is summarized below. Paludomus (Tanalia) nigricans 1$ 
restricted in the highest parts of the highlands, living in small, cool (15°C) streams with slightly 
acidic, smoothly flowing water with a very low content of minerals, especially CaO. Paludomus 
(T.) neritoides and P. (T.) loricatus inhabit the tributaries (brooks and torrents) of the larger 
mountain streams, living on the rocks and gravels in the crystalline zone of the mountains in 
the southeast. These streams are slightly acidic, smoothly flowing, and have a very low content 
of minerals. Their temperatures vary from 18°C to 25°C. 

In the lower parts of the uplands and in the lowlands, where the temperatures of the 
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running waters increase on an average to 27°C, the content of minerals is also higher. The 
current is slower and the bottom consists of sand. Paludomus (P.) chilinoides dominates in such 
streams, although rarely other species of the subgenus Paludomus (e.g., bicinctus, decussatus, 
inflatus and tanschauricus nasutus) may be found. In streams which are chemically influenced by 
limestone formations with hard water (11°-12°dH; CaO: 60 mg/l) the subgenus Tanalia is 
represented by the species so/idus, which is sometimes associated with Pa/udomus (P.) 
tanschauricus nasutus. 

In the streams in the northern provinces of Ceylon with slow current and high mineral 
content (e.g., CaO and MgO) and a hardness between 9° and 13°dH, Paludomus (P.) chilinoides 
occurs, sometimes associated with Pa/udomus (P.) tanschauricus s.str. 

Species of the subgenus Philopotamis, with the exception of the species nigricans discussed 
above, are very rare and are found only in the fast-flowing streams of the eastern uplands (e.g., 
decussatus, regalis and sulcatus). These facts indicate that Pa/udomus represents a very old 
group of freshwater gastropods in the fauna of Ceylon. 
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ABSTRACT 


The study of crowding in freshwater snails is fraught with methodological problems 
that have received little attention. This hampers the experimental separation of density 
and food effects. 

Crowding effects come about both via oxygen depletion and via other processes. 


The subject of density (crowding) effects on freshwater snails has all but sunk into oblivion 
after a period of controversies and discrepancies. This unhappy situation springs from research 
proceeding to the neglect of methodological problems, particularly those concerning the 
experimental separation of density and food effects. It is difficult for practical reasons to keep 
the quantity of food constant in experiments with a reasonable duration, as dictated by the 
need to detect influences on growth and reproduction. As an alternative, it has been assumed 
that providing food in excess is tantamount to eliminating unwanted food effects from density 
experiments. Investigations concerning influences of food on Lymnaea stagnalis by van der 
Steen et a/. (1973) showed that there is no warrant for this assumption, since the quantity of 
accessible food is an operative factor (affecting food consumption, growth and reproduction) 
even in the range of great excess. The relevant experiments were carried out by keeping 
different numbers of snails in 500 mi glass jars, lettuce being used as a food source. 
Mooij-Vogelaar & van der Steen (1973) and Mooij-Vogelaar et a/. (1973) aimed at circumventing 
the above problem by daily providing snails at different densities with pro rata amounts of 
food, such that there were no remnants. The ensuing differences in growth and reproduction 
were indicative of a substantial crowding effect, but actually the experimental set-up still failed 
to do the job. Admittedly, it ensures that the mean food consumption takes on the same value 
in different experimental groups. Variability in feeding, however, will depend on density under 
these conditions. On the assumption that the relation between food consumption and growth 
(reproduction) is non-linear, this may eventuate in effects on growth (reproduction) that still 
should not be attributed to density (Jansen & van der Steen, 1975). 

In collaboration with J. W. Mooij-Vogelaar and J. C. Jager, 2 lines of approach are presently 
followed to remedy methodological defaults in experimental work with Lymnaea stagnalis. 
First, effects of density on growth and reproduction are studied in isolated snails by using jars 
with perforated partitions (research in progress). This approach has the obvious disadvantage 
that it does not permit establishing some kinds of effect (e.g., those produced by behavioural 
contacts). Second, the study of influences on food consumption is hampered in a less degree by 
the above problems, since they can be detected within a few hours. Experiments have been 
carried out involving both supply of food in great excess and hourly renewal of food. Under 
these conditions the ratio between intake and supply is so small that the quantity of food 
present in the jars may be regarded as constant. 

The results showed that crowding does decrease food consumption. In subsequent work, the 
oxygen content of the water was taken into account. It was shown that density affects food 
consumption via oxygen depletion. The involvement of the location of food (at the surface, at 
the bottom) was studied as an interesting side issue. An interaction obtains between effects 
of density and the latter factor. This is easily understood, since the oxygen content of the 
medium will influence the amount of surface breathing. Ventilation behaviour may indirectly 
affect feeding by influencing the frequency with which the animals come across food. However, 
the oxygen effect is not the whole story. Experiments showed that crowding also decreases 
feeding if the oxygen content of the medium is kept similar at different densities. So density is 
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operative in at least 2 different ways. These points are discussed in more detail in Mooij- 
Vogelaar et al. (1975). 

To sum up, the complexity of the situation becomes evident by considering conventional 
work (involving supply of food in excess) concerning effects of density on growth (reproduc- 
tion). The experimental results may reflect the following kinds of effect. Density will affect 
growth (reproduction) via both the mean level and the variability of food consumption. (In the 
latter case, there 15 no crowding effect in a strict sense.) The level of food consumption 1$ 
influenced by density in at least 3 different ways: a) via the quantity of food present (again no 
crowding effect in the strict sense); b) via the oxygen content of the medium; and с) via a 3rd, 
as yet unidentified, factor. Apart from this, there seems to be an effect on growth 
(reproduction) that does not come about via food intake (published experiments are not 
conclusive from a methodological point of view; further work 1$ in progress). 

These data suffice to explain discrepancies in results of previous investigations. Obviously, 
many causal factors are intermingled in density effects. As these factors may work in opposite 
directions, hypotheses concerning influences of density are often compatible with a large variety 
of experimental outcomes. 
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REPORT OF MAPPING OF NON-MARINE MOLLUSCS IN FINLAND 


Ilmari Valovirta 
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ABSTRACT 


In 1970, a large-scale pilot project was started in the Zoological Museum, Helsinki, for 
mapping the Finnish land molluscs. № was based on collections, records in the literature, 
and field observations covering the whole country. Faunistic data for 9 different biotopes 
have now been collected by 4 different methods from 49 squares of about 100 X 
100 km. 

National recording will be done according to the Finnish uniform grid system (Grid 
27°E) to at least 10 X 10 km. For international mapping projects, we use a modification 
of U.T.M. squares of about 50 X 50 km, of which Finland occupies 174. These 2 systems 
do not exactly coincide, but the Finnish uniform grid, with squares of 10 X 10 km, can 
be transformed to match the U.T.M. grid with sufficient accuracy (Fig. 1). 

Here the results of a 1-year pilot project of Unitas Malacologica Europaea are presented 
in U.T.M. squares: the distribution maps of Discus ruderatus (Férussac) and Margaritifera 
margaritifera (Linnaeus) in Finland. The former species occurs in every U.T.M. square 
studied so far (Fig. 2). The distribution map of M. margaritifera is based on an inquiry 
made in 1954-55 (Fig. 3). This species was protected throughout the country in 1955, 
because of widespread destruction of populations. Since 1955, there have been very few 
records of this species, but it seems to be recovering, even in areas where № was formerly 
endangered by pearl fishing. 


INTRODUCTION 


Biological recording in Finland is at present very active. Our country is participating in many 
international cooperative projects concerning the cataloguing and mapping of biological data. On 
joining any international mapping project, a country has to organize a survey of the biological 
group in question within its boundaries. It is accordingly important to collate the abundant 
biological data available from different sources, e.g., museums, private collections, public 
records, and the literature. Systematic field work in areas not previously investigated is another 
important aspect of this work. 


NATIONAL MAPPING 


To collate the data of Finnish land molluscs, a central card index has been established in the 
Zoological Museum of Helsinki. Moreover, in 1970 the Zoological Museum initiated a survey of 
land molluscs as part of a systematic survey of land invertebrates covering the whole country. 
Finland was divided into 49 field squares of about 100 X 100 km. To date, 9 biotopes have 
been studied in each of them, viz., 2 kinds of forests on rich soil (broadleaved trees), 2 kinds of 
fertile conifer forests, 1 dry forest, a lake shore, a meadow, a bog, and a man-made habitat. As 
a result of the information collected in the field and from museums and the literature, we have 
enlarged our general knowledge of the distribution of land molluscs in Finland (cf. Luther, 
1901; Valovirta, 1967). During these 5 years, we have worked mainly with land invertebrates. 
The next step will be to survey the freshwater habitats. 


RECORDING OF LOCALITIES 


Recording the localities has been done since 1970 according to the Finnish uniform grid 
system (Grid 27” E). Grid 27° E is a system of Cartesian co-ordinates or squares, the N-S axis 
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FIG. 1. Solid line — 50 X 50km squares of the Finnish uniform grid system (Grid 27” E) for national 
recording; dotted line —about 50 X 50km squares of the modified U.T.M. (Universal Transverse Mercator) 
grid system on the marginal areas where the squares of these 2 systems do not coincide. 


of which coincides with the meridian 27 E (Heikinheimo & Raatikainen, 1971). The basic grid 
consists of 10 X 10km squares which can be subdivided or united, according to the decimal 
system, to form smaller or larger squares, so that the locality of the specimen can be recorded 
with the required accuracy. In the Finnish uniform grid system there are 192 squares of 50 X 
50 km and 3834 squares of 10 X 10 km. 

For international mapping projects we use a modification of the U.T.M. squares of about 50 
X 50km. There are 174 such squares and they are the same as those used in the mapping 
project of the Flora Europea. 

Because the U.T.M. grid coincides with the meridians, which the uniform grid system does 
not, except in the immediate vicinity of the 27° axis, the squares of these 2 systems do not 
exactly coincide (Fig. 1). However, if the localities in the uniform grid system are recorded to 
at least the nearest 10 X 10 km, they can be transformed to fit the U.T.M. grid system with 
acceptable accuracy. 


INTERNATIONAL MAPPING 


At the subcommittee meeting of the Unitas Malacologica Europaea (1973) it was agreed that a 
1-year pilot project should be undertaken to compile maps for 4 species. Two of these, viz., 
Discus ruderatus (Férussac) and Margaritifera margaritifera (Linnaeus), live in Finland. 
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FIG.3. The distribution map of Margaritifera mar- 
FIG. 2. The distribution map of Discus ruderatus  garitifera (Linnaeus) in Finland (U.T.M. squares). 
(Férussac) in Finland (U.T.M. squares). Open circles — recorded only before 1950; black 
circles — also recorded after 1950. 


Discus ruderatus is one of the most common land molluscs in Finland. It occurs in every 
U.T.M. square studied so far (Fig. 2). The optimum habitat of this species in southern and 
central Finland is the old taiga forest. In Vaccinium myrtillus-type coniferous forests, 1 litre of 
sifted litter (7 mm sieve) contains on the average 10-20 specimens of this species. In mixed 
forests with aspen (Populus tremula), the average number of specimens of D. ruderatus is twice 
as high. On the other hand, D. ruderatus is typical of habitats strongly influenced by man, 
especially in northern Finland. 

Margaritifera margaritifera used to be common almost everywhere in Finland but until 
recently was eagerly collected for pearls since 1750. For example, in the River Pyhäjoki in 
western Finland, 1 man caught over 80,000 mussels in 2 years, 1924-25 (Brander, 1957). 
However, the massacre of the pearl mussel did not totally exterminate the local populations, 
because the fishermen usually concentrated on individuals over 7 cm long, i.e., about 10 years 
old. The species is nowadays endangered by water pollution, regulation of water level, 
deepening and straightening of water-courses, and muskrats (Ondatra zibetica). The polluted 
water is harmful even to adult individuals, and especially to the glochidia. 

Margaritifera margaritifera has been protected in Finland since 1955, and although it was on 
the verge of extinction it is now recovering in areas where its survival was threatened by pearl 
fishing. At present the species is known to occur in about 20 water-courses (Fig. 3). Most of 
these are situated in northern Finland between the 64th and 67th latitudes. The southernmost 


270 PROC. FIFTH EUROP. MALAC. CONGR. 


locality of М. margaritifera in Finland is on the south coast in the River Mustionjoki. Рог 15 
years no individuals less than 7 ст long have been found there, so evidently the population no 
longer breeds (Koli, 1961). In southwest Finland, M. margaritifera occurs locally and in small 
numbers. The populations may soon disappear entirely from the rivers where pollution cannot 
be held in check. In western Finland, М. margaritifera occurs rather frequently, especially in the 
upper reaches of the rivers, although not in great numbers. The most vigorous populations are 
found in northern Finland, in the rivers which flow into the Arctic Ocean. Because Finnish 
Lapland has been poorly investigated, the number of records after 1950 must be greater than in 
Fig. 3. 
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ABSTRACT 


A joint field project by a team of workers from 2 countries is useful for both parties. 
During a short period of time it is possible to study a lot of localities, which requires 
much effort, both in the field and in the laboratory. Also, cooperation makes it possible 
to divide the costs. When field work forms part of a larger project, it is often more useful 
than simple collecting in another country. On the other hand, cooperation is an added 
attraction for students who thereby widen their experience in the field of research in 
question. М it is possible to accept the project as an official course of the Universities, 
this would be more rewarding for the students. 

The joint project in question dealt with the distribution of the land molluscs in the 
upheaval archipelago of the Gulf of Finland. The Scottish group of 7 students visited 
Finland for 5 weeks. We took 463 samples from 70 islands and from 10 places on the 
mainland, and spent approximately 2000 working hours. 

The pilot results below present a general trend as to how the species colonize the 
islands in different zones of the archipelago (Table 2), and as to the effect of the island 
size on the maximum and minimum number of land mollusc species in the archipelago of 
Tvárminne (Fig. 2). 


INTRODUCTION 


Two members of the Unitas Malacologica Europaea, Dr. P. E. P. Norton with 7 under- 
graduates from the University of Glasgow and the author from the University of Helsinki, 
jointly studied the upheaval area of the archipelago in the Gulf of Finland. Since faunistic- 
ecologic studies of land molluscs require much effort, i.e., the collecting of sieve samples, search 
for specimens in the litter, labelling of the material, and since for comparative purposes material 
must be collected over a short period of time, a team of workers 15 almost a necessity to cover 
the many islands in the archipelago in question. Cooperation, furthermore, makes it possible to 
divide the costs. In this particular case we could cut the daily cost of the survey to only £5.2 
per person, including travel from and to Scotland. 

For the Scottish students, the possibility of taking part in the research of a common 
problem in a new area was an added attraction, which widened their experience. |п the future, 
it might be feasible for cooperative projects between universities to be accepted as official 
courses, and the field work could be supplemented with lectures in taxonomy, ecology and 
special problems of island biogeography. This would be more rewarding for the students 
involved. 

This cooperation is part of a large project studying the distribution of land molluscs in the 
Baltic archipelago, which was begun in 1965 at the centre of the uplifting archipelago in the 
Gulf of Bothnia (Valovirta, 1973). The patterns of age, area, isolation, diversity at the species 
and population level, the differences between the archipelagoes compared, and how the lower 
rate of land uplift affects the land mollusc colonization of the islands, will be the main topics 
studied in this project. 


STUDY AREA 


The field station of the University of Helsinki at Tvarminne is situated on the southwestern 
coast of Finland. It has belonged to Helsinki University since 1919. The station covers 
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FIG. 1. All the sampling locations in the archipelago of Tvárminne. Islands with maximum (squares), average 
(circles), and minimum (triangles) number of species compared with the area of the island (see Fig. 2; N2, N2, 
N3). 


approximately 730 ha, consisting of about 100 islands and islets with surrounding water and the 
considerable piece of man-made peninsula of Tvarminneö, on which the station is situated (Fig. 
1). This whole area is recognised officially as a nature conservation area. The archipelago 
consists of a rocky peneplane, which has been gradually rising from the sea at a rate of about 
40 cm per century since the retreat of the ice some 10,000 years ago (Tvärminne Zoological 
Station, 1973). 

The archipelago can Бе divided into zones paralleling the coast. In this paper | have used 4 
zones, viz., 0.1-0.5km, 0.6-1.5 km, 1.6-3.0 km, and over 3.0 km (Fig. 1). These short distances 
from the mainland have not, per se, had much influence on the distribution of land molluscs. 
More important is that the groups of distances stand quite closely inside the different zones of 
the archipelago and therefore reflect all the changes of island factors, as well as sample plot 
factors which occur from the mainland to the outer archipelago. 

The salinity of the brackish water around the station is about 6%a and in this salinity most of 
the land molluscs will be able to survive in floating material. There is permanent ice cover of 
the inner archipelago from about the end of December to the middle of April. The average 
duration of the growth season (>5°С) is approximately 180 days, which is the longest in 
Finland (Kolkki, 1960). Climatically, the most critical periods for land molluscs are between 
April and May, when it is extremely dry, and before the end of December, when the daily 
temperature may sink to -20°С before the permanent snow cover alleviates this condition. 


VALOVIRTA 273 


TABLE 1. Number of sampling locations and different kinds of samples. 


No. of 

sampling Sieve Net Collecting 

locations samples samples samples Total 
Tvärminne, islands 63 148 65 115 328 
Tvárminne, mainland 10 10 10 10 30 
Excursion to Snappertuna 5 19 16 16 51 
Excursion to Jurmo 2 18 18 18 54 
Total 80 195 109 159 463 


MATERIAL AND METHODS 


The Scottish group visited Finland during 5 weeks (July-August 1974). Except in the 
archipelago of Tvárminne, we sampled 2 other archipelagoes: Snappertuna, 30 km eastwards, 
and Jurmo, 100 km westwards from Tvarminne. Altogether 463 samples were taken from 70 
islands, in addition to 10 places sampled on the mainland (Table 1). 

The quantitative study was based on sieve samples which were sifted with a 7 mm sieve in 
the field and later by a series of 7 sieves in the laboratory. The amount of sifted litter was 200 
litres. Net samples of 100 sweeps and collecting samples were taken only for qualitative 
research. The heights of the islands were measured, the vegetation of the sample plot as well as 
the pH of the litter was noted, and the sample plot was photographed to aid future 
identification. 

We used 3-6 working hours per sample plot (sieve, net, collecting samples): altogether about 
1000 working hours were spent in the field and a further 1000 hours in the laboratory. In 
other words, during these 5 weeks we used as many working hours as 1 assistant would do in a 
whole year. 


THE ORDER IN WHICH SPECIES COLONIZE THE ISLANDS 


The only possible regions for land molluscs to survive on the small, rocky islets are the 
narrow treeless crevices. The larger and protected islands (> 1.0 ha) are usually covered by 
mixed forests. If the islands are unprotected, shore areas are pure rock for tens of meters, 
which makes the colonization of these islands much more difficult than that of the more 
protected islands, where there is more vegetation. 

The first species to colonize the islets rising from the sea and the species which will follow 
these pioneers can be seen in Table 2. In this table all the material available from the 
Tvarminne area has been incorporated to show the general trend of the distribution of land 
molluscs in the area, and this is used as a comparison for the data collected from the 
Snappertuna area. An occasional species (x) has been found only on 1 or 2 islands in the group 
of islands in the different zones of the archipelago. The abundance values of the species have 
been low and often the shells have been empty. A typical species for an island (xxx) is lacking 
only accidentally from the islands of the corresponding group. The species between these 2 
groups are regarded as usual species (xx) for those islands. 

If there are a few meters of grass vegetation on the islands in the outer archipelago, Succinea 
elegans occurs. № an island is protected by other islets or islands and more herbs are present in 
the crevices, then Va//onia pulchella will very probably be found on that island. The first 2 
species to be found closer to the mainland are V. pulchella and Clausilia bidentata. These islets 
are very small and only on the top of the islet is there some vegetation; near the shore line 
there are no suitable habitats for S. e/egans. 

If the island has 3-5 species the new typical or usual ones are Balea perversa, Pupilla 
muscorum, and Euconulus fulvus. There are, however, great differences depending on the 
position of the island in the archipelago zones. In the outer archipelago the islands which could 
offer suitable habitats for E. fulvus are usually more protected and rich enough to be suitable 
habitats for Nesovitrea hammonis, Vertigo alpestris and Cochlicopa lubrica which species belong 


GZ el OL L 6 L Spue/s! JO ‘ON 
6£ LZ 9 61 99 LE s}0|d ajdwes jo ‘on 
x sAaıyyaf sonsnbue 061119) 
x (UIJ9UIL)) eJeJuapıq e//21810/184 
x (snaeuuly) epidsiy е/42111 
x JIOM 2аб!иоалаи!2 xewi 


x (pneusedeig) eyjabs43s eıreydwonz 
хх (Jan “4 0) 4/73 е/п3а/ $е1220424 
хх (pneusedeiq) eynıuapa е//аиит/о) 
хх JIIJNIN 30 5П//аиа1 xeu7 

ххх (nBejuoyy) ezeuwe, еи!ро/ц205 

х x зпаеии!] enewod х!|ан 

; x = = (28|INN ‘4 °O) Sisuaqsoy eaedag 
(ae x x x (Jan "3 °O) зприа!и sapıoyı oz 
2 x x ххх (Jan “4 O) 2222509 еиио (ед 
O хх х хх (san “4 ‘O) e7eu/b1ew ешиешицат 
O х хх хх ххх J3110IN “370 2///5па 061319 
[$ x хх хх ххх (ann ‘4 0) wnanny eusegÁpelg 
< х х хх ххх (sAaıyyaf) ezerszsqns 061349 
= XX ххх ххх ххх (рпецлеаела) шпаешбла winjaung 

x = XX NN IO хх (руй|4э35ЭМ) $/5иа/даииол 061319) 
= x x SO OAK ххх (19341944 1) е//эиоллэа еэ3!ло$а/ 
5 x xx xx xx xx XXX (pneusedeiq) snasnygns uoliy 
re x x x XX хх XX NOOO хх uapjeM esadse е//эшп/о) 
=) x x x хх ххх хх OI DO ххх (9essni94) sn3e19pn1 snasıq 
Lu x x x x x x хх XX © хх (snaeuul) suand еаи!2эп$ 
Е x x x x хх x хх хх хх хх (491ININ “4 *O) 9498, seradolag 
i x xx x xx хх хх хх = о хх ххх (snaeuul7) a3sasbe 5е1э20/9@ 
iL x - хх хх хх хх хх XXX OA ххх (04404) e//8211qn/ edos1/yo09 

Е x — XX ххх хх ххх XXX XXX EXA ххх (49110IN "3 0) epranjjad euIHIA 
о x хх XX OX ххх ххх XXX ххх ххх ххх ххх (ann “3 `О) 89/1qn/ edo2//y207 
2 x x хх хх хх хх хх хх AX хх J9P|W si4jsadje 061118A 
а. x x XX ххх XXX хх ххх XXX IO KN хх ххх (Ш943$) 5иошлшец еадило$а/ 

X ххх ххх ххх XXX ххх хх XXX XXX ххх XX ххх (2110 “4 `О) $Пл/пу snjnuoang 

хх хх x x хх хх ххх хх хх хх хх x (спэеци!]) wnsoosnw ejjidng 

XX хх хх _ — — x x хх хх хх хх x (snaeuul”7) essansad eajeg 

хх хх — — — = x xx XX ххх XXX SOX DORE ххх (wAAS) езезиар!4 erjisne/D 

X ххх ххх XXX ххх ххх XXX ххх ххх XXX ххх ххх XXX ххх IKE ХХ ххх (ann ‘+ ‘O) e//8y2/nd eıuoyjeA 

XX ххх — — хх хх хх ххх ххх XXX ххх ххх XXX ххх ххх ххх ххх 05$! sueba/a еэи!22п$ 

тт. ме от ве Е ee 
SI OEL Seles Cito) 05 Ч 90 DIS Say 90 OE SH 90 (0 6 СО SUUILUIRA | 

“Fe 904 -90 10 7:9 90 60а 9 9050 9 10 ель <) = 40 pue|s| (Lux) puejuleu wol} ээче3$!а 

Gul SS OL-9 GILL GZ-9L GZ< puejsi/saioads yo “ou шпцихей] 


"uoıJsanb ul spuejs! ay} 10} (ххх) satoads jeo1dA} pue 
‘(xx) jensn ‘(x) ¡e1uapi99y “oBejadiyoJe эцз зо sauoz зиэлазуир и! зрие|$! aU} 2Z1U0/09 || Im sardads osn¡¡ow pue] ayi Yd!YM оз бы!рл0ээе Pua} jesauab y “7 3718VL 


274 


VALOVIRTA 275 


to the next group, which comprises those species which occur on islands where the maximum 
number of species is 6-10. The other new species here are Vitrina pellucida, C. lubricella and 
Deroceras agreste. 

If an island has 11-15 species then the new ones are Deroceras laeve, Discus ruderatus, 
Columella aspera, Arion subfuscus and Succinea putris, the latter of which is occasional in every 
zone of the archipelago. All the others are the same as in the former group: however, the 
species are more common on these islands. If an island includes all of the microhabitats above 
and also has some typical habitats found only on these larger islands, then Nesovítrea 
petronella, Vertigo ronnebyensis, Punctum pygmaeum, Ve. substriata, Bradybaena fruticum, Ve. 
pusilla, Lehmannia marginatus, and occasionally Va/lonia costata and Zonitoides nitidus may occur 
as new species. Cepaea hortensis and Helix pomatia have been introduced on the islands. On the 
man-made peninsula of Tvarminne there occur 9 species which have not yet been found in the 
archipelago (Table 2). 

It is impossible to find all the possible species present on every large island without a very 
intensive search. Therefore the number of species recovered on a single island with over 11 
species is usually less than 80% of the maximum number of the species present. On the islands 
with 6-10 species 50-100% of the maximum number may be recovered at the first visit to the 
island. This depends on the richness of the vegetation: on the medium size of the islands it is 
difficult to find all the small habitats of the rare species. Similarly, on islands with 3-5 species 
about 80% of the maximum number of species may be found. On islands with 2 species it is 
possible to find both of them. 


THE SIZE OF THE ISLAND AND THE NUMBER OF SPECIES 


In Fig. 2, the correlations of the area of the islands and the number of land mollusc species 
have been indicated by 3 regression lines, calculated on the Tvárminne material. The regression 
line N1 = 2.30 X In area + 13.70 explains the maximum number of species on the islands in 
different area groups. An island with an area of for instance 1 hectare (ha, In scale) and with 
optimum island and sample plot factors may in this archipelago comprise 12 species, an islet of 
0.1 ha comprises 6 species etc. The man-made peninsula of Tvarminne is recorded as the largest 
island. Correspondingly, the number of land mollusc species on the unfavourable islands (N3) 
with an area of 1 ha would be 3, and on the islets with an area of 0.1 ha there are no species 
present (№3 = 3.69 X In area + 3.57). The average number of land mollusc species present оп 
the islands can be calculated by the regression line N2 = 2.53 X In area + 7.74. 

The correlation coefficient between the area of the islands and the number of land mollusc 
species calculated on the total material is r=0.709. According to this, the area of the island 
would account for 50% of the number of species present on the island. 

The difference between the maximum and minimum number of species (N1 and N3) is, 
according to Fig. 2, about 10 species. However, the species collected from the large islands 
(> 5ha) give a reason to suppose that by increasing the material from the islands with 
minimum and average number of species, it would be possible to increase the number of land 
mollusc species as well. This is not so evident on the islands with the maximum number of 
species (N1). Under those circumstances, the regression line of N3 would converge in a wider 
angle and the number of species on the large islands of this archipelago would be determined 
mostly by the size of the island. 

However, before making a multiple regression analysis, it is difficult to say which are the 
main island and sample plot factors which affect the number of land mollusc species on 
different islands (see Halkka et a/., 1972). Most of the islands with a low number of species 
compared to their surface area are facing the open sea; they are unprotected and contain 
exceptionally few microhabitats suitable for land molluscs. The large island, closest to 
Tvarminne, belongs in this group only because it has not been studied enough. 

The maximum number of species compared to the area occurs on well-protected islands, 
which have a high grouping index, which are close to the mainland or very close to some 
secondary species pool, which have many suitable microhabitats for land molluscs, and on 
which the vegetation reaches down to the sea shore, making the colonization rate high. The 
large islands of this group are also exceptionally high compared to their size. 
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FIG. 2. Regression lines of the islands with maximum (N1), average (N2), and minimum (N3) number of 
species compared to the area. 


The effects of the area and other island and sample plot factors are more obvious on the 
single species than on the total number of species per island. Therefore, by studying the 
abundancy and constancy values of the different species on the different islands with multiple 
regression analysis, it will become clearer why some islands have more species than others of 
equal size. 
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ELABORATION DE L'OPERCULE CALCIFIE CHEZ NERITA PLICATA 
LINNAEUS ET РОМАТ/А$ ELEGANS (MULLER), 
GASTEROPODES PROSOBRANCHES 


Jean Vovelle,! Michele Grasset and François Meunier 


1 Histologie et Cytologie des Invertebres Marins, Universite P. et M. Curie, Paris, France 


RESUME 


L'étude anatomique et histochimique des opercules minéralisés de Nerita plicata et 
Pomatias elegans permet de les comparer a la structure précédemment décrite chez Astrea 
rugosa. Une couche sclérotisée toujours autonome, issue d'une lamelle hyaline, apparait 
suivant les cas en position inférieure ou supérieure par rapport a la couche minérale, sans 
que la forme minéralogique du calcaire endogéne soit en corrélation avec cette alternative. 
On propose de la mettre en relation avec la composition de la trame organique et 
l’importance de sa composante mucopolysaccharidique. 


L'étude présentée recourt à l'anatomie microscopique et a l’histochimie pour faire ressortir, а 
partir d'un plan commun de construction, la variété de structures des opercules calcifies de 
Prosobranches, et de composition de leurs constituants. Dans une approche comparative, elle se 
situe par reference à un travail antérieur plus complet concernant les Turbinidae, Tricolia риа 
(Linnaeus) et surtout Astrea (=Bolma) rugosa Linnaeus, chez lesquels deux structures super- 
posées foncierement distinctes, L’opercule ‘‘tanné’’ et l'opercule mineralise, sont en situation 
inverse du periostracum et de la coquille calcaire (Vovelle, 1969, 1973). Deux especes a 
opercule oligogyre plus ou moins complexe, Pomatias elegans (Müller), Pomatiasidae, recolte en 
Provence, et Nerita plicata Linnaeus, provenant de Polynésie, ont été retenues, apres un examen 
préalable d'autres Neritidae antillaises: N. versicolor Gmelin et N. tessellata Gmelin. 

Sur les coupes histologiques de pieces decalcifiees comme sur les lames minces mineralogi- 
ques, Pomatias et les Neritidae confirment l'indépendance des strates operculaires ““minérale”” et 
“tannée” (cette dernière est individualisable par traitement de l'opercule à l'acide). Mais si la 
pellicule sclérotisée de reference naît toujours comme une “lamelle hyaline”” au fond de la 
gouttiere operculaire qui marque le front de croissance columellaire, la composante calcique est 
en situation inverse pour Pomatias et pour les Neritidae: superficielle dans le premier cas, en 
grande partie intercalée entre l'épithélium operculigere et la lame tannée dans le deuxième. 

A cette diversité de situations repond une diversité non correlative de formes cristallines de 
l’opercule minéral. Ainsi les deux types operculaires а opercule tanne inférieur (Turbinidae et 
Pomatiasidae) sont respectivement aragonitique (cf. pour Astrea Vovelle, 1969, d’après l'examen 
cristallographique de Bachet, et Adegoke, 1973) et calcitique (cf. pour Pomatias Kessel, 1942, 
confirme pour ce travail par un examen cristallographique du Prof. Barraud), tandis que les 
Neritidae a opercule tanné superficiel sont aragonitiques (cf. Kessel, 1942, pour N. polita, et 
Adegoke, 1973). 


EXAMEN MORPHOLOGIQUE, HISTOLOGIQUE ET HISTOCHIMIQUE, 
CHEZ POMATIAS 


La pellicule brune sclérotisée inférieure est renforcée par superposition dans la région 
centrale de la spire operculaire, au point d'amincissement maximal de Горегсше calcaire; 
l'histologie caractérise la zone de croissance de sa lamelle hyaline dans une adhérence 
“cuticulaire.”” Sa nature de protéine tannée confirmée par l'histochimie (reaction argentaffine, 
Vert Malachite, Millon, cf. Tableau 1) indique son origine dans les granulations argentaffines 
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TABLEAU 1. Etude histochimique comparée des composantes organiques des strates operculaires chez Astrea, 
Nerita et Pomatias (o et m: réponse ortho ou métachromatique du Bleu de Toluidine). 


Bolma (=Astrea) Nerita Pomatias 
lame tannée matrice lame matrice lame matrice 
inférieure calcifiée tannée  calcifiée tannée calcifiée 
interne périph. supérieure super. inferieure infér. super. exter. 
POLYSACCHARIDES 
A.P.S. + 0 + 0 
A.P.S. acétyl. 0 
A.P.S. acétyl.-saponif. + 
Bleu 1 € € 0 0 + 
de pH 3 thm i}. 0 +} +)m 
Toluidine 5 An ar Е © + + 
В. T. méthyl. 0 0 + 
В. T. methyl.-saponif. 0 0 + 
В. Т. sulfatation + tm 0 + + 
В. Т. méthyl.-sulfat. a + 
Bleu H 1 0 + + 
alcian P 2,6 + 0 0 + + 
Fuchsine simple) (+) (0) (+) + + 
parald. oxydée) 4 + + + + 
Hale simple + + + 
(Hale + + + 
(+ A.P.S. 0 
Rouge Congo 0 0 + 
PROTEINES 
Salazar + 0 + Е 0 
Millon 0 + 0 (+) + 
Bleu Bromophénol 0 + 0 
В. argentaffine 0 + 0 + + 
Vert Malachite 0 + 0 (+) + 
D.O.P.A. simple 0 + 0 
+ inhib. 0 Е 0 


d'une partie des cellules epitheliales sous-jacentes a la lamelle, (cf. Fig. 1) la composante 
enzymatique du tannage, denoncee comme une polyphenoloxydase par incubation dans le 
catéchol ou la DOPA, apparaissant exterieurement a la gouttiere operculaire, а Гарех du 
“renflement externe (“Wulst'” de Kessel) impliqué principalement dans l'élaboration de 
l'opercule mineral; cf. Fig. 1). 

L’opercule mineral externe, avec sa periodicite de secretion marquee par des lacunes visibles 
sur radiographies et lames minces, voit son rebord en ‘‘gorge de poulie’’ determine par moulage 
a partir du double renflement externe. Decalcifie, sa trame organique s'organise sur coupes en 
strates fragiles mais épaisses, perpendiculaires а l'opercule tanné dans leur apposition periodique. 
En surface, il est enduit irrequlierement de mucopolysaccharides acides sulfatés (metachroma- 
tiques au bleu de toluidine а pH 1) provenant sans doute du revétement muqueux generalise de 
l'animal, tandis que la matiere des strates révele une composition mucopolysaccharidique 
différente, ambigue, marquée par une légère réactivité à l'Acide Périodique Schiff. La 
composante calcique traverse certainement l'épithélium du ‘‘bourrelet externe” sous forme 
ionique, indetectable histochimiquement, mais indirectement trahie par la richesse en phos- 
phomonoestérases alcalines (selon Gomori et Pearse) du rebord apical des cellules. Du calcium 
figure apparait immediatement sous-jacent а l'épithélium, au niveau d'accumulations de cellules 
conjonctives arrondies beaucoup plus abondantes que dans la region externe du pied et remplie 
de sphérules réagissant au Stoelzner, au GBHA et conservées par microincineration (cf. Fig. 1). 
La composante organique de l'opercule mineral peut provenir en partie d'une bande de cellules 
epitheliales et sous-épithéliales a la frontière de la gouttiere operculaire et du renflement externe 
et caracterisees par des mucopolysaccharides neutres (A.P.S. et Hale positifs, et metachroma- 
tiques au bleu de toluidine apres sulfatation, cf. Fig. 1). Mais s'y associe sans doute la légere 
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FIG. 1. Pe, et Np,: Coupe sagittale de la zone dorsale operculigere du pied chez Pomatias elegans et Nerita 
plicata. bpp, bourrelet palléal postérieur; CAUD, région caudale; COL, région columellaire; oc, opercule 
calcaire; оо, opercule organique; ro, repli operculaire. Pe, et Np,: détail de la région. columellaire chez les 
deux espèces. go, gouttière operculaire; pour Pomatias, ro, Wulst de Kessel. 


trame organique des cellules a sphérules, caracterisee par le bleu Alcian, la fuchsine-paraldehyde 
et la technique de Hale comme un mucopolysaccharide peu acide. L'association des deux 
secrétions rend compte de la réactivité des strates organiques. Plus profondes que les cellules á 
spherules, apparaissent des cellules associées á contenu glycogénique (cf. Fig. 1). La region 
caudale du disque operculigere présente la méme zonation de bandes secrétoires caractéristiques. 
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EXAMEN MORPHOLOGIQUE, HISTOLOGIQUE ET HISTOCHIMIQUE 
CHEZ NERITA PLICATA 


Sans détailler les strates accessoires, on reconnait a partir de la face externe de Горегсше une 
couche minéralisée superficielle (inexistante chez Theodoxus), une lame sclérotisée (caractérisée 
histochimiquement comme celle de Pomatias, cf. Tableau 1) renforcee au bord caudal, et deux 
couches inférieures mineralisees dont seule l'intermédiaire presente une zone adhésive avec le 
disque operculigère, l’autre correspondant par sa situation au “vernis” du plan general des 
opercules organiques. On pourrait considerer avec Kessel (1942) la couche intermediaire comme 
“adventive”” et la couche tannee comme “‘principale,”’” en remarquant toutefois qu'il faut 
admettre alors la continuité exceptionnelle de leurs territoires secrétoires. En tout cas, la couche 
tannée amincie s'infléchit au bord columellaire en lamelle hyaline typique, malheureusement 
toujours décollée de son point d'origine, repérable à l'inflexion de l'épithélium. Dans la partie 
de ce dernier sous-jacente a la lamelle hyaline, et au niveau d'un petit repli supplementaire au 
fond de la gouttiere operculaire, des cellules secretoires elaborent les composantes aromatiques 
(réaction argentaffine, vert malachite) et enzymatiques (incubation a la DOPA et au catechol, 
peroxydases selon Wachstein et Meisel) du tannage (cf. Fig. 1). La face externe de la gouttiere 
présente en outre, dans une situation comparable au “‘repli operculaire’’ des Turbinidae, une 
bande importante de hautes cellules sécretoires diversifiees, certaines elaborant des muco- 
polysaccharides complexes, d’autres des proteines aromatiques; on y reconnait aussi une vive 
activite polyphenoloxydasique et peroxydasique (cf. Fig. 1). A titre d’hypothese on propose 
d'impliquer ce territoire dans le renforcement de la partie caudale de la lame tannee principale, 
quitte à attribuer la couche minéralisée superficielle au recouvrement de l'opercule par le 
bourrelet palléal postérieur, tel qu'il apparait en place apres une fixation appropriee, en 
rappelant que son intervention est exclue chez les autres Prosobranches a opercule calcaire. 

Dans ses deux strates (couche adventive ? et vernis) separees par une mince pellicule 
proteique secretee par les cellules limitant la zone adhésive, l'opercule mineralise interne 
présente une trame organisée pour délimiter les “cristaux d’aragonite etirés’’ décrits par Kessel 
et beaucoup plus dense que celle de la strate superficielle. Sa reactivite histochimique est 
ambigue, et traduit en tout cas l'absence de mucopolysaccharides a reaction caracteristique, 
même si on porte a son actif l'affinite pour la fuchsine-paraldehyde avec ou sans oxydation 
prealable, pour le réactif de Hale, voire pour le Rouge Congo (indicateur douteux d'une 
composante chitineuse ?). Les territoires epitheliaux impliques topographiquement dans 
l'élaboration du calcaire et de sa trame ne revelent pas la traversée de la composante minérale, 
assurement sous forme ionique. L’indicateur indirect enzymatique (phosphomonoesterase 
alcaline) fournit un recours valable pour Nerita plicata avec une reponse positive notamment au 
niveau de l'épithelium générateur de la couche “adventive.” Mais on reconnait ses limites, 
puisque l'espece voisine N. versicolor reste refractaire á cette detection (l’exemple n'est pas isole 
et la phosphomonoesterase alcaline qui caracterise les ebauches de membres chez Rana pipiens 
est absente chez А. dalmatina, cf. Geraudie & Lauthier, 1972; de méme pour Salmo fario et $. 
irideus ...) Dans le conjonctif sous épithélial du repli qui donne naissance intérieurement а 
l’opercule mineral “adventif”” ou à l'apophyse qui l'enracine et extérieurement a la lamelle 
hyaline, des cellules a secretion proteique (cf. Fig. 1) auraient pu apparaitre comme des lieux de 
stockage calcique, mais elles n'ont pas de composante minérale et leur pigment, non fluorescent, 
n'est pas une conchoporphyrine. 


CONCLUSION 


La confrontation des deux series de résultats présentés peut étre enrichie par la reference а 
Горегсше des Turbinidae, precedemment étudié (cf. Tableau 1). 

Point essentiel, l'existence de la lame operculaire tannée dans les trois exemples étudiés la 
confirme comme une entité commune а tous les opercules minéralisés ou non. Ses caractér- 
istiques histochimiques se manifestent aussi bien au niveau de l’epithelium elaborateur que de la 
matiere elaboree par la presence de proteines aromatiques, definissant un auto-tannage, et celle 
complémentaire, de polyphenoloxydases, parfois en association avec une peroxydase (chez 
Nerita, а rapprocher du periostracum de Lymnea, Timmermans, 1969, ou du periostracum et de 
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l'opercule d’Ocinebra, Maschino & Vovelle, 1972). Son individualite structurale apparaît dans le 
fait qu'elle peut étre décollée des couches mineralisees qui la completent inferieurement ou 
supérieurement. Comme l'opercule entièrement organique, l’opercule calcifie presente d’ailleurs 
une alternative de mode de croissance de la lame tannée par apposition (Astrea) ou par 
epaississement cuticulaire d'une lamelle hyaline (Pomatias, Nerita). 

Point de repere topographique, la lame tannee ne peut étre investie d'une importance 
physiologique dans le depót du mineral, a la maniere de celle prétée par Digby, 1968, au 
perisotracum, puisqu'elle se trouve suivant les cas en situation externe ou interne par rapport a 
la couche calcaire. 

L'opercule calcaire, caractérisé par sa diversité de situation par rapport а l'opercule tanne, 
l'est aussi par la diversité de situation de l'épithelium qui l'élabore, et qui se trouve suivant les 
cas en position columellaire ou caudale par rapport au point origine de la lamelle hyaline. Si 
Nerita offre par surcroît l'intervention accessoire du bourrelet palleal postérieur, on admet dans 
tous les cas l'origine endogene de la composante minérale et son transit sous forme ionique, 
avec intervention frequente d'une phosphomonoesterase alcaline. 

Astrea, Nerita et Pomatias soulignent que la forme mineralogique du carbonate de calcium 
n'est pas correlative de la situation inférieure ou supérieure de l’opercule calcaire par rapport a 
la pellicule tannée, et peut étre plus vraisemblablement mise en rapport avec la nature de la 
trame organique: dans les exemples étudiés le seul opercule de Pomatias a composante 
mucopolysaccharidique franche (cf. Tableau 1) est aragonitique. On sait que la question est 
ouverte pour la coquille notamment depuis les travaux de Roche et al. (1951), les hypotheses 
de Hare (1963-65) et les prospections de Degens (1966-67) (cf. revue in Hunt, 1971): l'étude 
des opercules calcifies peut concourir а la faire progresser. Ceci sous entend des prolongements 
biochimiques de la recherche entreprise, de méme que le recours a des marqueurs privilégies 
pourra fournir des precisions sur le trajet du calcium endogene. 
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ABSTRACT 


The anatomical and histochemical study of the mineralized operculi of Nerita plicata 
and Pomatias elegans leads us to compare them to the formerly described structure of 
Astrea rugosa. A quinone-tanned layer, ever autonomous, issued from a hyaline lamella, 
appears above or under the mineral layer according to the species. As the crystalline form 
of the endogenous mineral component is not correlated with this alternative possibility, it 
is suggested to relate it to the composition of the organic matrix and the importance of 
its mucopolysaccharidic components. 
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ABSTRACT 


Amongst European Ancylidae, Ferrissia (Pettancylus) wautieri (Mirolli, 1960), some- 
times confused with Acroloxus lacustris, is the only species which is able to develop a 
septum. All hatching juveniles are typical ancylids. Either the individual grows and then 
reproduces without changing the shape of the shell, or the animal develops a septum 
before it starts to breed, passing through 3 successive stages: ancyloid, septifer and 
post-septifer. The apex is blunt and shows an extremely fine radial striation. The general 
shell form displays a very wide variability. Self-fertilisation and aphally reach values of 
96%. 

Nomenclature. 1960 Watsonula wautieri Mirolli; 1964 Gundlachia (Kincaidilla) 
wautieri (Mirolli) in Wautier; 1964 Pettancylus wautieri in Hubendick; 1970 Ferrissia 
wautieri in Hubendick. 

Distribution. So far Ferrissia wautieri has been recorded from Italy, France, Germany, 
Austria, Czechoslovakia, Hungary, Yugoslavia and Roumania. 


Amongst European Ancylidae, Ferrissia (Pettancylus) wautieri (Mirolli, 1960) is the only 
species which 1$ able to develop a septum. 


ZOOLOGICAL REVIEW 


All hatching juveniles are typical ancylids. Either the individual grows and then reproduces 
without changing the shape of the shell, or the animal develops a septum before № starts to 
breed, passing through 3 successive stages (Figs. 1,2,3): ancyloid, septifer and post-septifer 
(Wautier et а/., 1962; Wautier, 1971; Richardot & Wautier, 1972). Ancyloids were sometimes 
confused with Acro/oxus lacustris. The general shell form displays a very wide variability. The 
apex, directed slightly to the right, is blunt and shows an extremely fine radial striation (Figs. 
4,5,6). The central teeth of the radula are symmetrical, with 2 main cusps and 2 minute lateral 


FIG. 1. Septifer stage and resumption of growth around the shell aperture, which produces an auricle-like 
shell of the post-septifer form. Views from ventral side. Taluyers Pool, near Lyon (Rhone). 
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FIG. 3. Old post-septifer aged 6 months. Derived from rearing. 
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FIG.4. Ancyloid. Shell from Taluyers Pool. View from right-hand side (x50). FIG. 5. Ancyloid. Dorsal view 
of apical region (X50). FIG. 6. Hatching juvenile ancyloid. Radial sculpture on the apex shown in higher 
magnification (X 150). FIG.7. Egg capsule. Dorsal view showing the terminal tail (Х50). 
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FIG. 8. Map showing the known distribution of Ferrissia wautieri in Europe. 


cuspets (Wautier & Odievre, 1961). The jaw consists of independent scales (Wautier, 1966). 
There is 1 single pseudobranch. The hermaphrodite duct possesses no permanent seminal vesicle 
(Wautier et а/., 1966). Euphallic and aphallic individuals coexist both in the ancyloid and the 
post-septifer stages. Observations during 10 years in a natural habitat (a pool near Lyon) 
indicate that the proportion of euphallic individuals is low and stable. Aphally and self-fertilisa- 
tion reach values of 96% (Wautier et а/., 1966; Wautier, 1971; Wautier & Tachet, 1973). Egg 


capsules (Fig. 7) show a terminal tail (exitus terminalis) and contain a single egg each (Wautier, 
1964). 


NOMENCLATURE 


1960, Watsonula wautieri Мио! 

1964, Gundlachia (Kincaidilla) wautieri (Mirolli), in Wautier 
1964, Pettancylus wautieri, in Hubendick 

1966, Ferrissia (Pettancylus) wautieri, in Wautier et al. 
1970, Ferrissia wautieri, in Hubendick 


DISTRIBUTION 


So far, Ferrissia wautieri has been recorded from Italy, France, Germany, Austria, Czechoslo- 
vakia, Hungary, Yugoslavia and Roumania (Fig. 8). /taly: Lago di Mergozzo and Lago Maggiore 
(Mirolli, 1960), Pool near Lago Alimini (Hubendick, 1970); France: Widely distributed—Paris, 
Tulle, Perpignan, Rhone and Loire valleys, etc. (Calas, 1954; Wautier, 1974); Germany: Berlin 
(Lake Schlachtensee), Lauenburg (pools near the Elbe) (Jaeckel, 1954), Russheim (near 
Karlsruhe) and the Rhine (material sent to the author for identification; Wautier, 1974); 
Austria: Wien, Bad Voslan (in /ítt., L. Pinter, 1973); Czechoslovakia: Pools near Sadska, the 
Elbe near Vehlovice (Lozek, 1971); Hungary: Widely distributed—Kis-Balaton, Zala River, 
Danube (Budapest), Lake Heviz, Gyepukajan and Sarkadkeresztur (l. Pinter, 1968; L. Pinter, 
1973); Yugoslavia: Macedonia (Lake Ohrid) (in /itt., HadZisce, 1965), Obodska (pool near 
Beograd), Zagreb (in a pool), pools in the island of the Krk. Dragonja River, Koper in Istria (in 
litt., Velkovrh, 1973); Roumania: Pool near Bucarest (in /itt., Grossu, 1974). 
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A more detailed critical account of these studies will be published in a later issue of the 
Bulletin de la Société Zoologique de France. 
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RESUME 


PREMIERES DONNEES SUR LA REPARTITION EN EUROPE DE 
FERRISSIA WAUTIERI (GASTEROPODE ANCYLIDE) 


Le Mollusque Ferrissia wautieri considéré comme un représentant du genre Gundlachia 
lors de sa découverte en France par Calas en 1944 en raison de l'existence d'individus 
septés, placé dans le genre nouveau Watsonula par Mirolli en 1960, est maintenant 
rapporté au genre Ferrissia á cause de ses caracteres anatomiques et de la striation radiale 
de l’apex de la coquille. 

Cet Ancylide palustre, parfois confondu à l'état ancyloide avec Acroloxus lacustris, est 
remarquable par l'extréme variabilité morphologique de la coquille, la reproduction 
rg presque exclusivement par autof&condation et le taux d’aphallie particulierement 

leve. 

Jusqu'à présent Ferrissia wautieri a été rencontrée en Italie, en France, en Allemagne, 
en Autriche, en Tchécoslovaquie, en Hongrie, en Yougoslavie et en Roumanie. 
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ABSTRACT 


DISTRIBUTION OF SLUGS (ARIONIDAE, MILACIDAE, LIMACIDAE—PULMONATA, 
GASTROPODA) IN BULGARIA 


The analysis of Bulgarian slugs is based on material collected at ca. 450 places, at 250 
of which it was collected personally by the author. The list embraces 34 species—15 
species have a wide European distribution, 5 came out of the Balkan Peninsula (mainly to 
Roumania), 8 are Balkan species, 2 are Mediterranean species, 1 apparently is derived 
from Asia Minor, and the ranges of 3 at present cannot be defined. 

The whole territory of Bulgaria is inhabited by 12 species: 3 occur only in the 
western parts, 4 occur in the southwest, 3 occur only in the south, 2 are endemic forms 
of Stara Planina, 7 occur at isolated places, and 3 are introduced synantropic species. 

Two distinct zoogeographical dividing lines can be determined. One divides the ridge 
of Stara Planina more or less into equal parts and runs through the Shipka Pass area; the 
2nd separates the southern mountains (Rila, Pirin, Rodopi, Vitosha) from Stara Planina. 


Bulgarien, wie die ganze nördliche Balkanhalbinsel, gehört vom malakologischen Standpunkt 
zu den interessantesten Gebieten Europas. Das gesamte Gebiet bleibt noch immer verhält- 
nismässig wenig erforscht und es sind wohl noch viele Überraschungen zu erwarten. 

Seit einigen Jahren bearbeite ich die Nacktschneckenfauna Bulgariens sowohl auf Grund 
meiner eigener Untersuchungen im Gelände, als auch nach anderem Material und Literatur- 
angaben. Aus den Ergebnissen dieser Arbeiten können schon manche Schlüsse gezogen werden. 
Die weiter unter besprochenen Resultate meiner Untersuchungen stellen einen Teil der aktuell 
vorbereiteten Monographie der bulgarischen Nacktschneckenfauna dar. Die Fundangaben 
betreffen etwa 250 von mir besuchte und etwa 200 in der Literatur erwähnte Standorte. 

In Bulgarien sind die Nacktschnecken bisher am besten in den Gebirgsgebieten und an der 
Meeresküste bekannt geworden, während die der Donau und Marica entlang liegenden Flach- 
landgebiete weniger genau durchforscht waren. 

Die beiden letztgenannten Flachlandgebiete wurden stark durch die Landwirschaft verändert 
und demnach sind hier hauptsächlich synanthrope Arten fremder Herkunft zu erwarten. 

Die von mir neubeschriebenen Arten, deren Diagnosen noch nicht erschienen sind, bleiben 
hier unerwähnt. Dies ist jedoch für das allgemeine Faunenbild ohne Bedeutung, da die 
genannten Arten nur aus wenigen Fundorten bekannt sind. 

Unerwähnt bleiben auch manche ältere Angaben über einige Arten, welche wahrscheinlich 
nur durch Fehlbestimmungen in die Artenliste geraten sind. Es sind dies: Milax sowerbyi 
(Ferussac), M. marginatus (Draparnaud), Limax tenellus Müller, Lehmannia marginata (Müller), 
Mesolimax brauni Pollonera und Gigantomilax occidentalis Hesse. 

Nach der Berücksichtigung der erwähnten Korrekturen beträgt die Anzahl der Nackt- 
schnecken Bulgariens 34 Arten. Davon gehören 4 Arten zur Gattung Arion Ferussac, 6 zur Milax 
Gray, 7 zur Limax Linnaeus, 4 zur Lehmannia Heynemann und 12 zur Deroceras Rafinesque. 

Davon besitzen 13 Arten sehr grosse Verbreitungsareale, die nördlich wenigstens Mitteleuropa 
oder westlich die Küste des Atlantischen Ozeans erreichen. Es sind dies: Arion lusitanicus 
Mabille, A. subfuscus (Draparnaud), A. silvaticus Lohm., A. hortensis Ferussac, Milax buda- 
pestensis (Hazay), Limax cinereoniger Wolf, L. maximus Linnaeus, L. flavus Linnaeus, 
Lehmannia nyctelia (Bourguignat), Deroceras laeve (Müller), О. sturanyi (Simroth), D. agreste 
(Linnaeus), D. reticulatum (Müller). 
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АВВ. 1. Die mit der Buchstabe “a” versehenen, unterbrochenen Linien betreffen die noch nicht sicher 
festgelegenen Grenzenabschnitte. 1, Ostgrenze von Milax serbicus; 2, Ostgrenze von Deroceras bureschi; 3, 
Ostgrenze von Deroceras laeve; 4,Westgrenze von Deroceras urbanskii; 5,Nordgrenze von Deroceras thersites. 


Milax budapestensis, Limax maximus und L. flavus drangen nordlich nach Mitteleuropa als 
synanthrope Arten vor; in Bulgarien leben dagegen Arion hortensis, A. lusitanicus und 
Deroceras reticulatum nur in anthropogen veränderten Landschaften. 

Milax kusceri Wagner und M. cristatus (Kaleniczenko) sind ostwärts weit bis in die Südukraine 
verbreitet. Ziemlich lang ist auch das Verzeichnis jener Arten, welche ausserhalb Bulgariens 
grössere Gebiete in Rumänien und möglicherweise in Jugoslawien besiedeln. Dies sind: ? 
Lehmannia horezia Grossu, Deroceras wiktori Grossu, D. zilchi Grossu, D. forcarti Grossu, und D. 
bureschi (Wagner). 

Verhältnismässig viele Arten sind ausschliesslich von der Balkanhalbinsel bekannt. Es 
gehöhren hierher 8 Arten, was ungefähr 24% der gesamten Nacktschneckenfauna beträgt. Dies 
sind: Milax serbicus Wagner, Limax conemenosi Boettger, L. carbonarius Boettger, L. mace- 
donicus Hesse, Lehmannia brunneri (Wagner). Deroceras bulgaricum Grossu, Milax parvulus 
Wiktor, M. verrucosus Wiktor. 

Von den balkanischen Arten erreicht nur eine ([. macedonicus) die Küste des Schwarzen 
Meeres; alle übrigen kommen nur im südwestlichen Teil der Halbinsel vor. 

Eine abweichende Verbreitung besitzt die Art Deroceras urbanskii Wiktor, welche die 
Küstengebiete des Schwarzen Meeres von der rumänischen Dobrudscha bis Trabson besiedelt. 

Zwei Arten—Deroceras caruanae (Pollonera) wie auch die wenig bekannte Nacktschnecke 
Deroceras thersites (Simroth) sind als mediterran anzusehen. Die beiden Arten leben im 
Mediterrangebiet und scheinen in Bulgarien ihre nordöstliche Grenze zu erreichen. 

Die wenigen Befunde für die restlichen drei Arten Limax subalpinus Lessona, L. punctulatus 
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АВВ. 2. Die mit der Buchstabe “a'” versehenen, unterbrochenen Linien betreffen die noch nicht sicher 
festgelegenen Grenzenabschnitte. 1, Nordgrenze von Lehmannia brunneri; 2, Nordgrenze von Milax buda- 
pestensis; 3, Verbreitungsareal von Milax parvulus; 4, Verbreitungsareal von Milax verrucosus. 


Sordelli und Lehmannia rupicola Lessona € Pollonera geben uns kein klares Bild ihrer 
Verbreitung. 

Die Nacktschnecken Bulgariens kann man auf Grund Ihrer Verbreitung in einige Gruppen 
teilen, und zwar in folgende: 

1. Arten, welche das ganze Gebiet Bulgariens besiedeln: Arion subfuscus, A. silvaticus, 
Milax kusceri, Limax maximus, L. cinereoniger, L. macedonicus, L. flavus, ? L. conemenosi, 
Lehmannia nyctelia, Deroceras wiktori, D. forcarti, D. sturanyi. _ 

2. Arten, welche im westlichen Teil des Landes, ungefähr bis zum Sipka-Pass vorkommen: 
Milax serbicus, Deroceras laeve und D. bureschi. 

3. Arten, welche nur in südwestlichen Teil des Landes festgestellt wurden: Milax buda- 
pestensis, Limax carbonarius, Lehmannia brunneri und Deroceras caruanae. 

4. Arten, die nur aus dem Stara-Planina Gebirge bekannt sind: Milax parvulus und M. 
verrucosus. 

5. Arten, welche nur im östlichen Teil des Landes vorkommen: Deroceras urbanskii 
und D. thersites. 

6. Arten, mit inselartigen Verbreitung: Limax punctulatus, L. subalpinus, Lehmannia horezia, 
L. rupicola, Deroceras agreste, D. zilchi und D. bulgaricum. 

7. Eingeschlepte, synanthrope Arten: Arion lusitanicus, A. hortensis und Deroceras 
reticulatum. 

Die besprochenen Ergebnisse der faunistischen Forschungen über die Nacktschnecken 
Bulgariens erlauben uns zwei deutliche zoogeographische Grenzen zu ziehen. Die erste halbiert 
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den einscheinend einheitlichen Gebirgszung der Stara Planina, wobei sie über den Sipka-Pass 
läuft. Die endere Grenze umfasst von Norden die Gebiete der Rhodopen- Pirin- Rila- und 


Vitosa-Gebirge. 
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ABSTRACT 


The ecology, feeding habits and ciliary currents of /phigenia truncata are described. 
The species occurs in large numbers in the brackish parts of the Lagos lagoon system, 
with sandy bottom. М is absent from areas with muddy deposits and from the eastern 
part of the lagoon where freshwater conditions obtain all year round. 

Iphigenia truncata feeds mostly on suspended particles; the ciliary currents of the 
mantle cavity are however typical of the family. The stomach differs from those of the 
bottom-feeding Tellinacea in having a well developed dorsal pouch where sorting of 
particles takes place and in having a very small postero-dorsal caecum containing no sand 
grains. 

Iphigenia truncata incubates the eggs in its mantle cavity. 


INTRODUCTION 


Iphigenia truncata (Monterosato) occurs in large numbers in the central part of the Lagos 
lagoon system between the Carter bridge on the west and Palaver Island on the eastern side 
(Fig. 1). The species is important not only because it forms the main food of many dermasal 
fishes, e.g., Chrysichthys nigrodigitatus and Gerres melonopterus (Fagade, 1969), but because 
the occurrence of the genus in West Africa and also on both coasts of South and Central 
America, lends support to the theory that the southern continents were once joined together by 
land (Purchon, 1968). /phigenia truncata is also very important in being a member of the 
typically marine family Donacidae, which is a comparatively recent addition to the fresh water 
fauna (Purchon, 1968). 

Although the biology of many European species of the order Tellinacea has been studied 
(Graham, 1934, 1937; Yonge, 1949), the West African representatives of these bottom feeders 
have received little attention. Apart from Nicklés (1950), who gave a brief description of the 
shell of /phigenia truncata and of 6 other species in the genus which also occur in West Africa, 
nothing has been written on the biology of the West African /phigenia. The present work is an 
attempt to investigate the biology of /. truncata, one of the 2 dominant bivalves occurring in 
the Lagos lagoon. 


MATERIALS AND METHOD 


The anatomy of /phigenia truncata was studied by dissections, as well as in serial sections of 
specimens fixed in Bouin’s fluid, embedded in paraffin wax, and stained with Ehrlich’s 
haematoxylin and eosin. The ciliary currents of the mantle cavity were investigated by 
introducing various sizes of carmine particles and iron filings into the mantle cavity after the 
right valve and the right mantle lobe had been carefully removed. Some specimens were kept 
in aquaria to study the burrowing behaviour. 
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FIG. 1. Map of the central part of Lagos Lagoon system where /phigenia truncata occurs. 


ECOLOGY 


Iphigenia truncata seems to favour quiet waters with low salinity. Fig. 2 shows the salinity 
of Ikorodu beach where the species occurs abundantly. The species is absent from the harbour 
with fast bottom currents and bottom salinities above 10%o all year round. It is also absent 
from the eastern part of the Lagos lagoon system where freshwater conditions obtain 
throughout the year. /phigenia truncata occurs only in areas where the bottom deposits consist 
of clean sand or sandy mud. The other common animals which occur in the same habitat are 
Pachymelania aurita, Neritina glabrata and Aloidis trigona. Branchiostoma nigeriense occurs in 
the same type of deposit as /phigenia in some areas such as Ikoyi jetty. 

The average water depth in the areas where /phigenia truncata was found was 2 metres. 


FUNCTIONAL ANATOMY 


The Siphons 


The siphons of /phigenia truncata are long, narrow and separate as in other Tellinacea 
(Yonge, 1949). The exhalant siphon is more extensive than the inhalant one, extending out of 
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FIG. 2. Monthly variation of salinities at Ikorodu. 


the shell about 32 mm, while the average length of the inhalant siphon is 14 mm (Fig. 3). The 
tip of the inhalant siphon is bordered by 12 lobes, there being no true tentacles. The tip of the 
exhalant siphon is slightly constricted. Unlike many Tellinacea, the tips of the siphons are 
sensitive to touch and are quickly withdrawn, even when touched slightly. 

In cross-section, the siphons of /phigenia have the characteristic appearance of Tellinacea as 
described by Towitz (1892). The arrangement of the nerves of the siphon is, however, not 
typical. There are 6 nerves in the inhalant siphons and 8 in the exhalant siphons (Fig. 4). 


The Ctenidia 


Fig. 5 shows the organs of the mantle cavity. Each ctenidium consists of 2 unequal 
demibranchs, the outer being less deep and with a considerable supra axial extension (Fig. 6). 
The ctenidia are plicate. At the free margin of each inner demibranch is a deep marginal food 
groove (Fig. 6). The labial palps are small and triangular in shape. The ciliary currents of the 
mantle cavity shown in Fig. 5 are similar to those of the Tellinacea described by Atkins (1937), 
Graham (1937), Yonge (1949) and Purchon (1963). 


The Alimentary Canal 


The course of the alimentary canal in /phigenia truncata is shown in Fig. 7. Behind the 
entrance of the oesophagus to the left is the large dorsal pouch. The postero-dorsal caecum in 
this species is small; the significance of this is discussed later. 

The digestive diverticula form a dense mass of brown tubules around the stomach. Arising 
ventrally from the stomach is the wide style sac, which runs down to the left side of the foot. 
The midgut in /phigenia truncata is separate from the style sac and it arises from the ventral 
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FIG. 3. Positions of the siphons of /phigenia truncata compared with those of two other Tellinacea—Gari and 
Tellina. 


FIG. 4. Transverse section of /phigenia through the posterior adductor muscle and siphons. EF = Exhalant 
Siphon; IS = Inhalant Siphon; M = Mantle Lobe; ME = Mantle Edge; N = Nerve; PAM = Posterior Adductor 
Muscle; R = Rectum. 


YOLOYE 299 


LOLP 


AAM 


FIG.5. Organs and ciliary currents of the mantle cavity. AAM = Anterior Adductor Muscle; ES = Exhalant 
Siphon; Е = Foot; 10 = Inner Demibranch; 1$ = Inhalant Siphon; LOP = Left Outer Labial Palp; OD = Outer 
Demibranch; PAM = Posterior Adductor Muscle; RSV = Right Shell Valve; RM = Right Mantle Lobe. 


FIG. 6. Diagrammatic section of the left ctenidium showing the ciliary currents. ALOD = Ascending Limb of 
Outer Demibranch; DLID = Descending Limb of Inner Demibranch; F = Food groove. 


side of the stomach and runs ventralward on to the right side of the style sac. The midgut is 
much coiled behind the stomach before М runs through the heart to open below the posterior 
adductor muscle. The hind gut contains rod-shaped faecal pellets with rounded ends. 

Examination of the stomach contents reveals the occurrence of fragments of Coscinodiscus 
and detritus, but few sand grains. 


Reproduction 


Iphigenia truncata reproduces during the high salinity period—November-March. Sections of 
specimens collected during these months contained numerous larvae in the mantle cavity т 
various stages of development. As in the laviparous oysters, the infrabranchial part of the 
mantle cavity serves as a temporary brood chamber for the developing egas. The larvae are 
released at an advanced stage and hence spend a short time in the plankton. 
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FIG.7. The alimentary canal. A = Anus; AAM = Anterior Adductor Muscle; DC = Dorsal Caecum; ES = 
Exhalant Siphon; Е = Foot; Н = Heart; 1$ = Inhalant Siphon; М = Mouth; MG = Mid Gut; ME = Mantle 
Edge; OE = Oesophagus; PAM = Posterior Adductor Muscle; R = Rectum; RSV = Right Shell Valve; S = 
Stomach; SS = Style Sac; U = Umbo. 
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FIG. 8. Dorsal view of the stomach—/phigenia truncata and Tellina. D = Dorsal Pouch; OE = Oesophagus; 
POC = Posterio-Dorsal Caecum; St = Stomach; S = Style; SG = Sand Grain. 


DISCUSSION 


The present work indicates that the feeding mechanism of /phigenia is not typical of deposit 
feeders. 

Fig. 3C and D show the position of the siphons of /phigenia during feeding. Most of the 
time (3C) the inhalant siphon projects about 15 тт above the ground level, but on some 
occasions, it is shortened and projects only about З тт above the ground (Fig. 3D). When 
extended, the inhalant siphon is ereet and does not lie on the floor as т the Tellinidae. It 
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therefore seems that the inhalant siphons collect suspended particles most of the time, and 
particles lying in suspension above the floor during the times they are shortened (Fig. 3D). 

Though the ciliary currents of the gills, palps and mantle cavity are similar to those of the 
other bottom-feeding Tellinacea, the stomach seems to be adapted for suspension feeding. Thus, 
the stomach has a large dorsal pouch with extensive sorting ridges and grooves like in typical 
suspension-feeding lamellibranchs such as Mya. In typical bottom-feeding Tellinacea, such as 
Tellina, there is a large postero-dorsal caecum in the stomach in which large particles are 
temporarily stored before trituration between the style and the teeth of the large gastric shield 
(Yonge, 1949). Fig. 8 shows that /phigenia truncata has a very small postero-dorsal caecum 
which contained no sand grains or mud. The absence of a postero-dorsal caecum in this species 
may be correlated with the fact that it feeds mostly on suspended particles. 

The reproduction of /phigenia truncata 1$ of interest since the species is a member of the 
typically marine family Donacidae, which has recently invaded brackish and fresh waters. The 
incubation of eggs in the mantle cavity may enable this species now restricted to the brackish 
parts of the Lagos lagoon to move up the rivers and to other areas of the lagoon which remain 
fresh all year round. 
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and 
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ABSTRACT 


Neritina kuramoensis Yoloye and Adegoke, a new species from the Lagos Lagoon system, 
is described. The morphological features which distinguish the new species from the partly 
sympatric N. glabrata Sowerby are its relatively larger size, the thicker shell with higher : 
spire, the duller brown colour of its ornamental patterns and the stout, deeply depressed 
operculum. 

The average adult height of 6-12 mm contrasts with the 3-5 mm shells characteristic of 
Neritina glabrata. Largest specimens of the new species attain a height of about 15 mm. 
The spire is conspicuously high and is demarcated from the body whorl by a depressed 
suture. The obtuseness of the apical angle is also diagnostic; the apical angle of N. 
kuramoensis being 90”, while that of N. glabrata is 120°. Neritina kuramoensis can also 
be further distinguished from N. glabrata by its larger egg capsules and the finer-grained 
arenaceous material utilized in its construction. 


INTRODUCTION 


Two polymorphic, partly sympatric species of Veritina occur in the shallow marginal lagoons 
and estuaries of southwestern Nigeria (Fig. 1) (Adegoke, Dessauvagie & Yoloye, 1969). The 
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FIG. 1. Sample localities in southwestern Nigeria. 
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FIG.2. Neritina kuramoensis Yoloye and Adegoke showing a few of the colour variations. 


YOLOYE AND ADEGOKE 305 


most common, Neritina glabrata was described by Sowerby (1849) and Nickles (1950). The other, 
Neritina kuramoensis n.sp., was encountered during our study of the biology of N. glabrata 
(Adegoke et а/., 1969). The description of this new species and its ecology form the subject of 
this communication. 


Neritina kuramoensis Yoloye and Adegoke, n. sp., Fig. 2 
Description: 


Shell medium to large-sized, thick and slightly oblique. The spire is prominent and consists 
of about 2-3 slightly inflated whorls. The body whorl is large and inflated, aperture 15 elongate 
oval. The apical angle is about 90”. 

The shell is smooth, variously coloured, but dull. There is a gradation from cream-coloured 
shells through variously lineated, banded and spotted forms. The red, brown and black 
lineations, bands and spots are superimposed on a generally dull, brownish background. 

The columella is smooth, and covered by a moderately thick callum. lts outer margin is 
blunt and has few denticulations. 

The operculum is calcareous, thick, stout and rather wedge-shaped. Its outer margin is 
moderately thick and bears a thin border of transparent chitin. The inner margin is heavier with 
a calcareous rim. lts outer surface is conspicuously depressed. 


Holotype: University of Ме Museum of Geology, No. 25. 
Paratypes: University of Ме Museum of Geology, Nos. 26-48. 


Dimensions: 
Type No. height (mm) max diameter (mm) 

Holotype No. K13 9.1 7.5 
Paratype No. 1 K14 10.3 9.3 
2 K 4 8.5 6.6 

3 B18 9.3 7.5 

4 K 6 ИЗ 9.7 

5 КЗ 7.8 6.3 

6 в 9 6.0 4.5 

7 К 2 8.7 6.7 

8 K10 8.7 6.8 

9 K16 9.9 8.1 

10 B10 9.7 7.8 

11 K15 7.8 6.4 

12 K18 8.5 6.5 

13 K20 9.1 Zen 

14 K5 7.8 5.8 

15 B17 6.5 5.4 

16 K22 9.9 8.0 

17 K19 10.0 7.0 

18 B13 7.3 6.2 

19 B 3 Toll 6.5 

20 K17 8.0 6.5 

21 K 9 6.4 5.0 

22 B 4 8.7 6.8 

23 B 1 7.5 6.4 


Neritina kuramoensis secretes a dome-shaped, oval agglutinated egg capsule about 1-2 mm in 
diameter. Only fine particles barely perceptible at magnifications of over 80 times are utilized 
in the construction of the capsule. 


Type Locality: Kuramo Water (Fig. 1). Specimens occur abundantly on water reeds and 
mangroves near the lagoon edge. The new species is named after the type locality. 


Remarks: 


The morphological features which distinguish Neritina kuramoensis n.sp. from the partly 
sympatric N. glabrata are its relatively larger size, the thicker shell with higher spire, the duller 
brown colour of its ornamental patterns and the stout, deeply depressed operculum. 
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FIG. 3. Frequency distribution of the neritinas in various parts of the Lagos Lagoon. 
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The average adult height of 6-12 mm contrasts with the 3-5 mm shells characteristic of 
Neritina glabrata. Largest specimens of the new species attain a height of about 15 mm. The 
spire is conspicuously high and 15, in unworn shells, demarcated from the body whorl by a 
slightly depressed suture (Fig. 2). (The spire of N. glabrata is extremely short and is 
conspicuous.) The obtuseness of the apical angle is also diagnostic. Because of the higher spire 
N. kuramoensis n.sp. is less obtuse (apical angle 90°) than WV. glabrata (apical angle 120°). 

While both species show an equally impressive variability in colour pattern, the new species 
is, generally dull coloured in contrast to the shining colour with bright yellowish background of 
Neritina glabrata. The new species may also be further distinguished from N. glabrata by its 
larger egg capsules and the finer-grained arenaceous material utilized in its construction. 


POLYMORPHISM 


Neritina glabrata and N. kuramoensis n.sp. both show remarkable diversity in shell 
colouration. Fig. 2 shows a few of the innumerable patterns found in N. kuramoensis. 

Early in our study, an attempt was made to separate shells into “natural” groups on the 
basis of colour patterns. № was assumed that shell colouration might reflect speciation, ог 
sexual dimorphism or ecological differentiation. It was soon discovered however, that no 2 shells 
were identical and that the colour patterns formed a gradational spectrum. 

The most commonly occurring colours are yellow, purplish-red, brown, gray and black, with the 
darker colours predominating. There is a gradation from uncoloured shells, through lineated, 
spotted and banded to completely black shells. Within each of these categories, major variations 
exist not only between individual shells but also on different parts of the same shell. 

Uncoloured shells are generally cream-coloured and are sparsely represented in populations of 
both species. Lineated shells differ in the number, orientation and thickness of the lines. Most 
have many straight to slightly wavy lines, others have chevron-shaped lineations exemplified by 
some of the specimens figured. 

‘le 
60 


50 


40 


30 


% Population 


20 


10 15mm 


9 2 LENGTH 


IKOYI 2.2 BADAGRI oo KURA MO 


— -—IKORODU 
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waters. 
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Banded shells may have thin or thick bands whose number and disposition vary from shell to 
shell. The bands may be solidly coloured, lineated or spotted. Spotted shells may have many 
scattered dots or a few large blotches. Completely black specimens are rare and constitute less 
than 1% of the populations of both species. Lineated forms dominate populations of Neritina 
glabrata, whereas populations of N. Kuramoensis are dominated by spotted and blotched forms. 

Within both species, populations inhabiting less saline water are averagely darker than those 
from more saline water. 


ECOLOGY 


Neritina glabrata and N. kuramoensis n.sp. inhabit lagoons and estuaries off the Guinea 
Coast. Within this tropical region, most ecological factors (e.g., temperature, light intensity, 
etc.) are relatively constant (Olaniyan, 1961; Hill & Webb, 1958). Major fluctuations occur, 
however, in salinity and nature of bottom deposits, and these appear to be the chief factors 
limiting the distribution of N. glabrata and N. kuramoensis. 

Neritina glabrata is stenohaline. It occurs abundantly only in the open lagoons (e.g., Ikoyi 
and Kuramo). It is absent in the harbour and Onijegi lagoon where salinity remains relatively 
high for the greater part of the year. It is also conspicuously absent in areas such as Badagri, 
Epe and the intervening narrow creeks where freshwater conditions prevail most of the year. 
The species is confined to areas of the lagoon with clean, coarse sandy bottoms. 

The distribution of Neritina kuramoensis, by contrast, is to a large extent independent of 
salinity. The species is more euryhaline. The species was found in Jarge numbers at all seasons 
in Onijegi lagoon, where salinity at the edges is never lower than 14 °%o (Yoloye, 1969), and also 
at Badagri and the intervening creeks where the water remains virtually fresh (below 1 Бо) all 
year round. 

Neritina kuramoensis n.sp. lives naturally on mangrove rhizophores, reeds and other water 
plants. In some areas, it is found in the muddy deposits of the mangrove swamps, at the edges 
of the lagoon. In such areas, it lives alongside the gastropods Tympanotonos fuscatus and 
Pachymelania quadriseriata and the crab Sessama. 

Many areas where Neritina kuramoensis are found dry up between November and April each 
year. During this period the snails are inactive and lie partly buried in the dry mud until their 
habitat becomes flooded in May. While W. glabrata cannot survive out of water for more than 1 
week, N. kuramoensis, on the other hand, soon dies if kept under water for long. 

Neritina glabrata and N. kuramoensis are partly sympatric. Both species are abundant in 
some parts of the Lagos Lagoon system. Figs. 3,4,5 show the results of population studies at 
6 locations—Ikoyi jetty, Oworonsoki, Ikorodu, Kuramo and 2 locations in Badagri—(see Fig. 1 
for locations). 

The population of Neritinas at Kuramo and Badagri consist mostly of N. kuramoensis, while 
in the other 3 locations N. glabrata form the bulk of the population. 
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THE LIGAMENT IN CERTAIN “ANISOMYARIANS”'1 


C. M. Yonge 
Department of Zoology, University of Edinburgh, Edinburgh, Scotland 
ABSTRACT 


The ligament in the monomyarian Pectinidae and Propeamussidae consists of a 
centrally placed globular inner ligament layer with, at either end, long stretches of 
anterior and posterior outer ligament layers; the former provides the opening thrust, the 
latter firmly unite the valves. In the absence of hinge teeth, they maintain their 
alignment. In the Spondylidae, alignment is maintained by means of secondary, ball-and- 
socket, hinge teeth while the outer ligament layers migrate centrally to lie on either side 
of the inner ligament layer (increasing the opening thrust of the now transversely 
disposed primary ligament). Their place at each end is taken by fused periostracum, 
which only holds the valves in contact. In all other respects the Spondylidae resemble the 
other 2 families, the 3 comprising the superfamily Pectinidae. Plicatula has similar 
secondary’ teeth and a similar, but more transversely compressed, primary ligament, but 
the lengths of fused periostracum unite dorsal to this forming a separate longitudinally 
disposed secondary ligament. The Dimyidae, although without ball-and-socket teeth, 
possess a similarly unique ligament and resemble Plicatula in other major respects, 
including absence of a foot. It has been proposed that the Plicatulidae be removed from 
the Pectinacea and be associated with the Dimyidae in a new superfamily Plicatulacea. 


INTRODUCTION 


The shell in the Bivalvia consists of 2 calcified valves with a connecting and largely 
non-calcareous ligament. The shell is composed of 3 layers, a superficial, non-calcareous 
periostracum and inner and outer layers consisting of an organic matrix in which there is 
extensive and highly organized crystallization in the valves (Taylor, Kennedy & Hall, 1969) but 
never more than a very limited degree of calcification in the 2 equally distinct layers of the 
ligament. 

The inner calcareous layer of the valves is secreted by the outer surface of the mantle lobes, 
the inner ligament layer by the narrow strip of mid-dorsal mantle surface designated the mantle 
isthmus (Owens, Trueman & Yonge, 1953). The other 2 layers are formed by the outer of the 
3 folds that fringe the mantle margins (Fig. 1A, о). The outer surface of this fold secretes the 
outer (prismatic) calcareous layers of the valves and, at each end of the ligament, where it may 
hypertrophy, the anterior and posterior outer ligament layers (aol,pol). The periostracum (p) is 
formed within a groove at the base of the inner side of the outer fold. Unless worn away, it 
covers the entire shell, i.e., valves and ligament. 

The simplest ligament is amphidetic, i.e., it is anteroposteriorly symmetrical with anterior 
and posterior outer layers of approximately equal sizes (Fig. 1A). Such a ligament is associated 
with an equilateral rounded or oval shell with the two adductors of very similar size, in the 
isomyarian condition. Any departure from this state involves increase at one end, and decrease 
at the other end, of the ligament. For reasons associated with the presence of the inhalant and 
exhalant openings at that end, enlargement is almost always at the posterior end. This involves 
increase in the posterior, and decrease in the anterior, outer ligament layer and a generally 
skewed arrangement of the ligament with the inner layer obliquely disposed as shown in 
Fig. 1B. Such a ligament is opisthodetic. 


1This paper was presented under another title at the Congress in Milan. The subject matter was then regarded 
as comprised within the 1 superfamily Pectinacea, but later work has revealed that a new superfamily 
Plicatulacea must be erected so the more embracing, although now obsolete, '*Anisomyaria” is used to cover 
both superfamilies. 
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FIG. 1. Diagrams showing structure of primary ligament. A, Primitive anteroposteriorly symmetrical 
amphidetic ligament; B, Opisthodetic ligament in isomyarian with horizontal hinge line; C, Opisthodetic 
ligament in heteromyarian with hinge line at angle of about 45° (e.g.,Mytilus). aol, anterior outer ligament 
layer; i, inner fold of mantle margin; m, middle fold; mi, mantle isthmus: o, outer fold; p, periostracum; pol, 
posterior outer ligament layer. Outer ligament layers shown black, inner ligament layer parallel lines. 
Periostracum not shown in B and C. 


LIGAMENT IN THE “ANISOMYARIA” 


The above conditions prevail when the bivalves remain isomyarian with a horizontal hinge line 
but this changes when the adductor is first reduced and then lost to produce first a 
heteromyarian and then a monomyarian condition. Such changes have occurred in a variety of 
different bivalves but concern here is only with members of those superfamilies, all with filibranch 
ctenidia, which were formerly associated under the order Anisomyaria. As shown elsewhere 
(Yonge, 1953), these changes from the isomyarian condition are almost always associated with 
the retention of byssal attachment. These anisomyarians are all byssally attached in post-larval 
life even though the adult may become free or be cemented. We shall be dealing with the 
heteromyarian Mytilacea, the monomyarian Pteriacea (in passing only) and Pectinacea with the 
recently proposed both dimyarian and monomyarian Plicatulacea (Yonge, 1975). 

In the invariably byssally attached Mytilacea, except in the modified rock-boring Lithophaga 
and Botula (Yonge, 1955), the hinge line is not horizontal but at an angle of around 45° to the 
substrate (Fig. 1C). This is a consequence of the great reduction of the anterior, and 
corresponding enlargement of the posterior, regions of both mantle/shell and viscera. The 
ligament is strikingly opisthodetic, skewed to the greatest extent possible with the anterior 
outer ligament layer (Fig. 1C, aol) reduced to a minute size, although never lost. 

With the loss of the anterior adductor, the still byssally attached and now more laterally 
compressed animals come to recline increasingly on the right side. The valves become rounded, 
with the solitary adductor in the middle, around which the ctenidia and viscera reorganize 
themselves. The hinge line and ligament extend and, with the lifting of constrictions at that 
end, the anterior outer ligament layer enlarges and the ligament assumes a secondarily 
symmetrical “‘amphidetic’’ condition. Such, more or less, is the condition in the Pteriacea, best 
exemplified by the pearl oysters, Pinctada and Pteria. Although really anterior, the hinge is 
conveniently regarded as resuming its former dorsal position. 

This monomyarian condition is taken further in the Pectinacea, comprising the families 
Propeamussidae, Pectinidae and Spondylidae. Here the animal comes to lie completely on the 
right valve, retaining byssal attachment throughout life in some of the Pectinidae (e.g., species 
of Chlamys), but becoming free in others (e.g., Amusium and Pecten), and cemented by the 
right valve in Hinnites in the Pectinidae and in all Spondylidae. There is now greater bilateral 
asymmetry but the valves are more rounded than in the Pteriacea, with the adductor more 
centrally placed. Cleansing currents carry pseudofaeces for ejection on either side of the straight 
hinge line, hence the capacity for swimming movements in free individuals. 

The hinge line is long and the ligament assumes an almost perfect anteroposterior symmetry 
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FIG. 2. Diagrams showing disposition of ligament (viewed from above) in A, Pectinidae with primary 
ligament longitudinally extended (L,), arrows showing inward movement of outer ligament layers leading to 
B, Spondylidae with primary ligament transversely disposed (T,) and secondary teeth (dotted). C, Plicatulidae 
with secondary, “external,” ligament of fused periostracum now continuous (L,) dorsal to primary ligament. 
Outer ligament layers black (more extended on under, right side), inner ligament layer diagonal lines, 
periostracum vertical lines. 


with a centrally placed, rounded and pad-like, inner ligament layer and, at either end of this, 
long stretches of anterior and posterior outer ligament layer. The inner ligament layer provides 
the opening thrust when compressed, the long outer ligament layers firmly unite the valves 
(Trueman, 1953). This is necessary to secure their alignment, because hinge teeth are lost in 
this evolutionary process. This ligament, as viewed from above, is shown diagrammatically in 
Figure 2A. 

Superficially, the ligament of Spondy/us (Yonge, 1973) appears to have the same structure. 
This is obviously not true of the hinge, because each valve possesses a pair of secondary teeth 
(Fig.2B) which fit into sockets in the other, the 2 forming a ball-and-socket joint; the valves 
can only separate if this is broken. Thus, the valves remain attached long after the ligament 
disintegrates. 

In obvious association with the development of these teeth, the epithelia secreting the inner 
ligament layers have migrated centrally (see arrows in Fig. 2A), each dividing to pass around the 
sides of the rounded mass of the inner ligament layer (Fig. 2B). The primary ligament of inner 
and outer layers thus becomes transversely instead of longitudinally disposed (cf. L,, Т,). The 
long anterior and posterior extent of the hinge line now becomes united by fused periostracum 
formed by a merging of the periostracal grooves of the 2 sides, which have extended inwards 
between the valves as the inner ligament layers moved centrally. This forms a secondary 
ligament (Yonge, 1957) of no tensile strength and serving merely to unite the valves; alignment 
is rigorously maintained by the interlocking ball-and-socket joints of the 4 teeth. The inner 
ligament layers go to increase the opening thrust of the now concentrated primary ligamental 
mass. 

Despite these very significant differences in the structure of hinge and ligament, the 
Spondylidae resemble the Pectinidae and the Propeamussidae so closely in all other respects as 
to justify their continued association with them in the superfamily Pectinacea (Yonge, 1973). 


PLICATULACEA 


Such is not the case with Plicatula. This genus has long been associated with Spondylus 
owing to similar possession of secondary ball-and-socket hinge teeth. But here the tissues rise 
up dorsally at both ends of the transversely compressed primary ligament (Figs. 3, 4A) to unite 
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FIG. 3. Plicatula, Т. S. through transversely disposed primary ligament (1), with longitudinally disposed 
secondary ligament (2) dorsal to it. (x7) 


FIG. 4. Right (cemented) valves of A, Plicatula and B, Basilomya (shown same size). aa, anterior adductor 
scar; pa, posterior adductor scar; s, socket; t, tooth. 


above this, so that the fused periostracum of the 2 ends forms a continuous, longitudinally 
disposed, secondary ligament (Fig. 2C, L>). 

Recent study of the Dimyidae (Yonge, 1975) has revealed a similar laterally disposed 
primary ligament with a longitudinally continuous secondary ligament dorsal to it, although 
either without secondary hinge teeth or with only a single pair (without ball-and-socket joints) 
on the right valve. Moreover, just as the Spondylidae closely resemble the other pectinaceans in 
all but the ligament and hinge teeth, so do Plicatula and the Dimyidae resemble each other 
(notably in the ctenidia, palps, mantle margins and absence of foot) in almost all respects apart 
from the number of adductors. Plicatula is monomyarian, while the Dimyidae have 2 adductors 
(Fig. 4B). Both, however, are cemented by the right valve. Whereas all the Pectinacea (including 
Spondylidae) are byssally attached at some stage in life, there is no evidence that this is so in 
Plicatula and it is certainly not true of the Dimyidae. 

In this very little known family of very small, deeply dwelling bivalves, cementation by the 
under valve has occurred directly, as it has in a variety of unrelated bivalves, such as most 
Etheriidae (Unionacea) (Yonge, 1962), the Chamacea (Yonge, 1967) and Myochama with 
Cleidothaerus (Anomalodesmata) (Morton, 1975). In the Dimyidae, there is some reduction of 
the anterior adductor and some movement of the larger posterior adductor towards a central 
position (Fig. 4B), and although these animals are not old enough to be ancestral to Plicatula, 
they do indicate how this genus could have assumed the monomyarian condition following 
cementation instead of by way of byssal attachment as in the Pectinacea. 


CONCLUSIONS 


The affinities between P/icatula and the Dimyidae are so great and their differences from the 
Pectinacea (with which the Dimyidae have never been associated) are so definite that the 
establishment of a new superfamily, Plicatulacea has been proposed (Yonge, 1975). This 
comprises the families Plicatulidae (genus Plicatula) and Dimyidae (genera Dimya, Dimyodon, 
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Dimyarina, Dimyella and Basilomya). In this superfamily the primary and secondary ligaments 
are separate, the former transversely disposed and the latter longitudinally disposed and dorsal 
to the primary ligament. 

This work was made possible by a grant (GR3/1380) from the Natural Environment 
Research Council and by facilities provided by Professor J. M. Mitchison. 
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abbreviatus, Paludomus (Philopotamis) bicinctus, 262 
aberrans, Loripes, 70, 71, 72, 73 
Abida 
frumentum, 55 
abissicola, Lymnaea, 121 
Abra, 71, 218, 220 
alba, 218, 220 
ovata, 218 
pilsbryi, 71 
Acanthinula 
aculeata, 55 
acerosus, Viviparus, 151 
Achatina, 77, 78, 157 
fulica, 78, 157 
reticulata, 77 
Achatinidae, 75, 77, 78, 79 
acicula, Ceciliodes, 55 
Acicula 
polita, 55 
acicularis, Fagotia, 150, 151 
aciculata, Ocinebrina, 217 
Aclis 
beddomei, 71 
Acmaea, 257, 258, 259 
rubella, 257, 258, 259 
testudinalis, 257 
Acroloxus 
lacustris, 114, 117, 119, 121, 123, 156, 285, 289 
aculeata, Acanthinula, 55 
aculeatus, Paludomus (Tanalia) loricatus, 262 
acuta, Cochlicella, 127 
acuta, Paludomus (Paludomus) tanschauricus, 262 
acuta, Physa, 114, 117, 119, 121, 123, 124, 156 
adami, Teredo, 73 
adansoni, Bulla, 71 
adansoni, Gibbula, 217 
adansoniana, Neritina, 71 
Aegopinella, 54, 55 
minor, 54, 55 
pura, 55 
Aenigma 
rosea, 73 
aereus, Paludomus (Tanalia) loricatus, 262 
agreste, Deroceras, 55, 274, 275, 291, 293 
Agriolimax 
reticulatus, 183, 184 
Aillyidae, 75, 77, 78, 79 
alata, Isognomon, 73 
alba, Abra, 218, 220 
Albea, 127 
albicostata, Alopia cyclostoma, 18 
albida, Gibbula, 108 
albida vulgaris, Gibbula, 108 
albina, Biomphalaria glabrata, 232 
albus, Gyraulus, 114, 117, 119, 123, 156 
Alderia, 103 
Aloidis 
trigona, 296 
Alopia, 15, 18 
canescens, 15, 18 
canescens haueri, 18 
cyclostoma albicostata, 18 
livida, 15, 18 
soosi, 18 
alpestris, Vertigo, 273, 274 
alta, Bythinella, 143 
Alvania 
cimex, 217 


americanus, Modiolus, 73 
amnicum, Pisidium, 121 
Amphithalamus 
vallei, 73 
ampullacea, Tellina, 71 
Amusium, 312 
Amyclina 
corniculum, 217, 218 
Anadara, 70, 71, 72, 73 
granosa, 73 
notabilis, 73 
senilis, 70, 72, 73 
Ancylidae, 77, 237, 285 
Ancylus, 114, 116, 117-121, 123, 126, 156, 221 
fluviatilis, 114, 116, 117-121, 123, 126, 156, 221 
angulatus, Tagelus, 70, 72, 73 
angulifera, Littorina, 70, 72, 73 
angustior, Vertigo, 55, 274 
Anisomyaria, 311-315 
Anisotoxon, 135 
Anodonta, 114, 117, 119, 121, 122, 155 
cygnea, 114, 117, 119, 121, 122, 155 
Anomalocardia 
brasiliana, 73 
Anomalodesmata, 314 
Anomia 
ephippium, 218 
Anomiidae, 73 
antiquata, Venericardia, 215, 217, 218, 220 
antivertigo, Vertigo, 55, 126 
apennina, Cepaea nemoralis, 243-245 
Aperidae, 75, 77, 78, 79 
Aplysia, 94, 204, 207, 209 
punctata, 207, 209 
apollinis, Hygromia, 224 
arbustorum, Arianta, 17, 54 
arbustorum, Helicigona, 55 
Arca 
noae, 218 
Archachatina 
machachensis, 78 
Archaeogastropoda, 315 
Arcidae, 73 
arctica, Hiatella, 218, 259 
Arctica 
islandica, 211, 212 
arcuata, Spisula, 211, 212 
ardens, Gibbula, 217 
Arianta 
arbustorum, 17, 54 
Ariantinae, 223 
Arioidae, 189 
Arion, 21, 29, 30, 31, 54, 55, 183, 185, 187, 189, 
191, 193, 197, 204, 274, 275, 291, 292, 293 
ater, 197 
circumscriptus, 31, 55 
empiricorum, 185 
fasciatus, 21,29 
hortensis, 55, 183, 185, 187, 189, 291, 292, 293 
lusitanicus, 291, 292, 293 
reticulatus, 185, 187, 189, 191, 193 
rufus, 185 
silvaticus, 291, 293 
subfuscus, 21, 29, 30, 54, 55, 274, 275, 291, 293 
Arionidae, 21-33, 76, 291 
Ariophantidae, 76, 77, 78 
Armiger 
crista, 114, 117, 119, 121, 123, 124, 156 
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articulata, Monodonta, 217 
Asaphis 

deflorata, 73 
aspera, Columella, 63, 274, 275 
aspersa, Helix, 126, 189 
Aspidelus, 134 
Aspidotomium, 134 
Astrea, 279, 280, 283 

rugosa, 279, 283 
ater, Arion, 197 
ater, Viviparus, 114, 117, 119, 121, 122, 156 
Atoxon, 134, 137 
aurata, Marginella, 70, 72, 73 
aurea, Venerupis, 211, 212, 215, 217, 218, 220 
auricula, Diplodonta, 71 
auricularia, Lymnaea, 114, 120 
auricularia, Radix, 221 
aurisjudae, Ellobium, 73 
aurismidae, Ellobium, 73 
aurita, Pachymelania, 9, 47, 73, 296 
australis, Midorigai, 103, 105 
austriaca, Bythinella, 144, 145, 147 
Austropeplea, 221 


bagidaensis, Bankia, 73 
baicalensis, Valvata, 139 
balcanica, Campylaea, 15, 17 
balcanica dobroudscha, Campylaea, 15, 17 
Balea 
perversa, 273, 274 
banatica, Chilostoma, 15, 17 
banatica, Helicigona, 55 
Bankia 
bagidaensis, 73 
barbatus, Modiolus, 218 
Basilomya, 314, 315 
Basommatophora, 77 
Bathyomphalus 
contortus, 114, 119, 121, 123, 156 
Batillaria 
minima, 71,73 
bavarica, Bythinella, 143-147 
bavarica, Bythinella schmidtii, 143 
beaui, Cylindrobulla, 105 
beddomei, Aclis, 71 
Bela, 212, 213 
borealis, 212, 213 
turricula, 213 
Bellaspira 
septangularis, 218 
bicinctus abbreviatus, Paludomus (Philopotamis), 262 
bicinctus, Paludomus (Philopotamis), 262, 264 
bicuspidata, Leda, 70 
bidentata, Mysella, 218 
bidentata, Perforatella, 55, 274 
bidentatus, Melampus, 73 
Bielzia 
coerulans, 21, 29 
Biomphalaria, 185, 187, 189, 231-236, 256 
glabrata, 185, 231-236, 256 
glabrata albina, 232 
pfeifferi, 187, 189 
biplicata, Laciniaria, 55 
birmanica, Nerita, 73 
Bithynia, 114, 117, 119, 121, 122, 150, 151, 152, 
159-163 
crassitesta, 150, 151, 152 
manchourica, 159-163 
misella, 159-163 
tentaculata, 114, 117, 119, 121, 122, 159, 160, 
161 
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Bittium 

reticulatum, 217 
Bivalvia, 165, 218, 247-250, 295, 311 
böckhi, Viviparus, 150, 151 


-Bolma, 279, 280 


borealis, Bela, 212, 213 
Bosellia, 105 
Botula, 312 
Brachyodontes, 70, 72, 73 
exustus, 73 
niger, 70, 72, 73 
Bradybaena 
fruticum, 54, 55, 274, 275 
Bradybaenidae, 76 
Branchiostoma 
nigeriense, 296 
brandaris, Murex, 217 
brasiliana, Anomalocardia, 73 
brauni, Mesolimax, 291 
brevifrons, Murex, 73 
brunneri, Lehmannia, 292, 293 
Buccinum, 197, 201, 204 
undatum, 197 
budapestensis, Milax, 291, 292, 293 
Buettneria, 134 
Bukobia, 134, 135, 137 
bulgaricum, Deroceras, 292, 293 
Bulimnea, 221 
Bulinus, 16, 252, 253 
contortus, 252, 253 
truncatus, 253 
Bulla, 71, 218 
adansoni, 71 
striata, 218 
bullaeoides, Detracia, 73 
Bullia, 197, 198, 201, 204 
digitalis, 197-204 
bureschi, Deroceras, 292, 293 
Bythinella, 131, 143-147 
alta, 143 
austriaca, 144, 145, 147 
bavarica, 143-147 
compressa, 143 
cylindrica, 144, 145, 147 
doderleini, 131 
dunkeri, 143-147 
dunkeri compressa, 144 
dunkeri dunkeri, 143, 144 
gaudefroyi, 131 
ligurica, 131 
opaca, 131 
opaca etrusca, 131 
schmidtii, 131, 143 
schmidtii bavarica, 143 
viridis, 131 


cahawbensis, Rhodacmea, 221 
Caliphylla, 105 
prasinus, 105 
callicratis, Truncatellina, 126 
callifera, Thais, 70, 72, 73 
Calliopaea, 101, 103 
oophaga, 101, 103 
Calliostoma, 108 
Callista 
floridella, 70, 73 
Campylaea, 15, 17, 18 
balcanica, 15, 17 
balcanica dobroudscha, 15, 17 
faustina, 15, 18 
trizona, 15, 17, 18 
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trizona dobroudsha, 15, 17 
cancellata, Chione, 73 
candidissima, Sphincterochila, 127 
canescens, Alopia, 15, 18 
canescens haueri, Alopia, 18 
cantiana cemenelea, Monacha, 81, 85 
cantiana, Monacha, 81-83, 85 
cantianus, Theodoxus, 151 
capitata, Limapontia, 101, 103, 104 
carbonarius, Limax, 292, 293 
Cardita 
trapezia, 218, 220 
Cardium 
ciliatum, 211 
carinatus, Planorbis, 114, 116, 117-120, 123, 156 
carpathica, Pupilla sterri, 55 
cartusiana, Monacha, 55, 81, 83-84, 85 
caruanae, Deroceras, 91, 292, 293 
Carychium, 55 
minimum, 55 
tridentatum, 55 
Cassidula, 73 
Caudofoveata, 259 
Caulerpa 
prolifera, 217 
Ceciliodes 
acicula, 55 
cemenelea, Monacha, 82 
cemenelea, Monacha cantiana, 81, 85 
Cepaea, 47, 54, 55, 62, 63, 243-245, 274, 275 
hortensis, 55, 274, 275 
nemoralis, 62, 63, 243-245 
nemoralis apennina, 243-245 
nemoralis etrusca, 243 
nemoralis nemoralis, 243-245 
vindobonensis, 54, 55 
Cephalopoda, 259 
Cerastoderma, 180, 217, 218, 220 
edule, 180 
glaucum, 217, 218, 220 
Cerithidae, 35-44, 73 
Cerithidae, 36, 39, 73 
costata, 73 
obtusa, 73 
Cerithium, 35, 36, 37, 39, 71, 73 
fasciatum, 36 
litteratum, 73 
morus, 39 
patulum, 35, 37, 39, 73 
rubus, 39 
sagrae, 71 
ustum, 39 
Chama 
gryphoides, 218 
Chamacea, 314 
chilinoides constrictus, Paludomus (Paludomus), 262 
chilinoides fulguratus, Paludomus (Paludomus), 262 
chilinoides laevis, Paludomus (Paludomus), 262 
chilinoides, Paludomus (Paludomus), 262, 264 
chilinoides parvus, Paludomus (Paludomus), 262 
chilinoides phasianinus, Paludomus (Paludomus), 262 
chilinoides pyriformis, Paludomus (Paludomus), 262 
chilinoides zeylanica, Paludomus (Paludomus), 262 
Chilostoma, 15, 17 
banatica, 15, 17 
maeotica, 15, 17 
Chione 
cancellata, 73 
Chlamys, 218, 312 
varia, 218 
Chondrinidae, 77 
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Chondrula 
tridens, 55 
ciliatum, Cardium, 211 
Ciliellinae, 223 
Ciliellini, 223 
cimex, Alvania, 217 
Cincinna, 126 
cinctella, Hygromia, 224 
cinereoniger, Limax, 15, 17, 21, 22, 23, 55, 274, 
291, 293 
Cingula 
semicostata, 211 
circumscriptus, Arion, 31, 55 
clactonensis, Viviparus, 151 
Clanculus, 108 
Clausilia, 55, 273, 274 
bidentata, 273, 274 
pumila, 55 
Clausiliidae, 76 
claustralis, Truncatellina, 55 
Clavatula, 70, 71, 72 
colini, 70, 72 
muricata, 71 
Cleidothaerus, 314 
Cleopatra, 263 
clessini, Pisidium, 150, 151 
Clypeomorus 
moniliferus, 35, 39, 43 
Cochlicella 
acuta, 127 
Cochlicellinae, 223 
Cochlicopa, 55, 273, 274, 275 
lubrica, 55, 273, 274 
lubricella, 55, 274, 275 
Cochlodina, 15, 55, 127, 273, 274 
kuesteri, 127 
laminata, 55, 274 
Cochlostoma 
sardoum, 128 
coerulans, Bielzia, 21, 29 
coffeus, Melampus, 73 
colini, Clavatula, 70, 72 
Columbella 
rustica, 217 
Columella, 55, 63, 274, 275 
aspera, 63, 274, 275 
edentula, 55, 274 
Comorina, 133, 134, 138 
compactus, Paludomus (Philopotamis) sulcatus, 262 
complanatum, Lentidium, 211, 212 
complanatus, Hippeutis, 114, 117, 119, 121, 123, 
156 
compressa, Bythinella, 143 
compressa, Bythinella dunkeri, 144 
conemenosi, Limax, 292, 293 
confervoides, Gracilaria, 217 
conoidea, Odostomia, 218 
constrictus, Paludomus (Paludomus) chilinoides, 262 
contermina, Polloneriella, 127 
contortus, Bathyomphalus, 114, 119, 121, 123, 156 
contortus, Bulinus, 252, 253 
contracta, Vitrea, 55 
contractus, Paludomus (Philopotamis) sulcatus, 262 
Conus 
mediterraneus, 218 
Corbicula, 150, 151, 152, 165, 180 
fluminalis, 150, 151, 152 
manilensis, 165, 180 
Corbula, 71, 215, 217, 218, 220 
gibba, 215, 217, 218, 220 
trigona, 71 
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Corillidae, 76 
cornea, Euthria, 218 
corneum, Sphaerium, 114, 155 
corneus, Planorbarius, 256 
corsicus, Limax, 127 
costata, Cerithidea, 73 
costata, Vallonia, 55, 274, 275 
costulata, Hinia, 217,218 
crassitesta, Bithynia, 150, 151, 152 
Crassostrea, 70, 71, 72, 73 
gasar, 70, 71, 72, 73 
parasitica, 73 
rhizophorae, 70, 73 
crista, Armiger, 114, 117, 119, 121, 123, 124, 156 
cristata, Valvata, 114, 117, 119, 121, 122 
cristatus, Milax, 292 
Cryptomphalus, 126 
crystallina, Vitrea, 55 
cucullata, Ostrea, 36 
cumingianus, Paludomus (Tanalia) neritoides, 263 
Cuna 
gambiensis, 71 
Cyclope 
neritia, 218 
cyclostoma albicostata, Alopia, 18 
Cyerce, 103, 105 
cygnea, Anodonta, 114, 117, 119, 121, 122, 155 
Cylichnatys 
grimaldii, 71 
cylindrica, Bythinella, 144, 145, 147 
cylindrica, Truncatellina, 55 
Cylindrobulla, 105 
beaui, 105 
fischeri, 105 
Cymodocea 
nodosa, 217 
Cythara 
rugulosa, 218 


dallaii, Deroceras, 128 
dalmatina, Rana, 282 
Danilia, 108 
danubialis, Theodoxus, 151 
decussata, Venerupis, 218 
decussatus, Paludomus (Philopotamis), 262, 264 
deflorata, Asaphis, 73 
dendritica, Hermaea, 101, 102, 103 
Dendrolimax, 134, 137 
Dentalium, 70, 72, 73, 218 
inequicostatum, 218 
katchekense, 70, 72, 73 
rubescens, 218 
depressa, Psammocola, 217, 218 
Deroceras, 15, 21-33, 55, 91, 126, 128, 274, 275, 
291, 292, 293 
agreste, 55, 274, 275, 291, 293 
bulgaricum, 292, 293 
bureschi, 292, 293 
caruanae, 91, 292, 293 
dallaii, 128 
forcarti, 292, 293 
laeve, 21, 24, 28, 29, 33, 55, 126, 274, 275, 291, 
292, 293 
padisii, 21, 29, 32, 33 
ponori, 21, 24, 27 
reticulatum, 21, 24, 25, 55, 274, 291, 292, 293 
sardoum, 128 
sturanyi, 291, 293 
thersites, 292, 293 
turcicus, 21, 24, 26 
urbanskii, 292, 293 
wiktori, 292, 293 
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zilchi, 292, 293 
Detracia 
bullaeoides, 73 
diaphana, Diplodonta, 71 
dibothryon, Perforatella, 55 
digitalis, Bullia, 197-204 
dilatatus, Paludomus (Tanalia) neritoides, 263 
diluvianus, Viviparus, 152 
Dimya, 314 
Dimyarina, 315 
Dimyella, 315 
Dimyidae, 311, 314 
Dimyodon, 314 
Diodora, 217 
gibberula, 217 
graeca, 217 
diolensis, Mactra, 70, 72, 73 
Diplodonta, 71, 72, 218, 220 
auricula, 71 
diaphana, 71 
globosa, 71 
jousseaumei, 71, 72 
rotundata, 218, 220 
Discus, 55, 267-270, 274, 275 
rotundatus, 55 
ruderatus, 267-270, 274, 275 
distinguendus, Paludomus (Tanalia) loricatus, 262 
distorta, Tellina, 71 
distorta, Tellinella, 218, 220 
Dobracia, 15, 17 
dobroudscha, Campylaea balcanica, 15, 17 
dobroudscha, Campylaea trizona, 15, 17 
doderleini, Bythinella, 131 
dohrni, Hypnophila, 127 
Donacidae, 295, 301 
Dorcasiidae, 75, 77, 78, 79 
Dosina, 71, 217, 218, 220 
exoleta, 217, 218, 220 
isocardia, 71 
lupinina, 218 
Dreissena, 150, 152, 165, 179, 180, 181 
polymorpha, 150, 165, 179, 180, 181 
dromedarius, Paludomus (Tanalia) neritoides, 263 
dubia, Rocellaria, 218 
dunkeri, Bythinella, 143-147 
dunkeri, Bythinella dunkeri, 143, 144 
dunkeri compressa, Bythinella, 144 
dunkeri dunkeri, Bythinella, 143, 144 
dunkeri, Paludinella, 143 
dura, Gracilaria, 217 


ebenus, Mitra, 218 
edentula, Columella, 55, 274 
edule, Cerastoderma, 180 
edulis, Mytilus, 211 
edulis, Ostrea, 218 
elegans elegans, Pomatias, 126 
elegans, Modiolus, 70 
elegans, Pomatias, 55, 279-283 
elegans, Pomatias elegans, 126 
elegans, Succinea, 55, 273, 274 
Elisolimax, 135 
elliptica, Spisula, 249 
Ellobiidae, 73 
Ellobium, 73 
aurisjudae, 73 
aurismidae, 73 
elongata, Himanthalia, 207 
Elysia, 101, 102, 103, 105 
viridis, 101, 102 
empiricorum, Arion, 185 
Endodontacea, 77 
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Endodontidae, 75, 77, 78, 79 
Enidae, 75, 76, 78, 79 
ephippium, Anomia, 218 
Ercolania, 103 
erinaceus, Paludomus (Tanalia) loricatus, 262 
erinascens, Paludomus (Tanalia) loricatus, 262 
esperi, Fagotia, 150, 151 
Estria, 134, 137 
Etheriidae, 314 
etrusca, Bythinella opaca, 131 
etrusca, Cepaea nemoralis, 243 
Euconulidae, 76 
Euconulus 

fulvus, 55, 273, 274 
Euglandina 

rosea, 157 
Euomphalia 

strigella, 54, 55, 274 
Euthria 

cornea, 218 
Euthyneura, 75-80 
exiguum, Parvicardium, 218 
exoleta, Dosinia, 217, 218, 220 
exustus, Brachyodontes, 73 


Fagotia, 150, 151 
acicularis, 150, 151 
esperi, 150, 151 
fario, Salmo, 232 
fasciatum, Cerithium, 36 
fasciatus, Arion, 21, 29 
faustina, Campylaea, 15, 18 
Ferrissia, 119, 121, 123, 124, 156, 237, 239, 285-289 
wautieri, 119, 121, 123, 124, 156, 237, 239, 
285-289 
Ferussacia 
folliculus, 127 
Ferrussaciidae, 76 
filigrana, Graciliaria, 55 
fischeri, Cylindrobulla, 105 
fischeri, Leptichnus, 137 
flavus, Limax, 291, 292, 293 
floridella, Callista, 70, 73 
fluctuosa, Liocyma, 249 
fluminalis, Corbicula, 150, 151, 152 
fluviatilis, Ancylus, 114, 116, 117-121, 123, 126, 156 
fluviatilis, Theodoxus, 124, 150 
folliculus, Ferussacia, 127 
fontinalis, Physa, 114, 117, 119, 123, 156 
forbesi, Thais, 70, 72, 73 
forcarti, Deroceras, 292, 293 
formosa, Oscillatoria, 251 
fortunei, Limnoperna, 165-182 
Fossaria, 221 
fragilis, Gastrana, 217, 218 
fragilis, Loripinus, 218 
frumentum, Abida, 55 
fruticum, Bradybaena, 54, 55, 274, 275 
fuchsi, Melanopsis, 150 
Fucus 
vesiculosus, 207 
fulguratus, Paludomus (Paludomus) chilinoides, 262 
fulica, Achatina, 78, 157 
fulvus, Euconulus, 55, 273, 274 
funiculatus, Paludomus (Tanalia) loricatus, 262 
fusca fusca, Pachymelania, 40 
fusca fuscatus, Pachymelania, 40 
fusca granulosa, Pachymelania, 40, 41 
fusca, Pachymelania, 40, 41, 73 
fusca, Pachymelania fusca, 40 
fuscatus fuscatus, Tympanotonos, 35, 39-42 
fuscatus, Murex, 40 


fuscatus mutans, Tympanotonos, 40 
fuscatus, Pachymelania fusca, 40 
fuscatus radula, Tympanotonos, 35, 39-42 
fuscatus, Tympanotonos, 35, 40, 42, 43, 70, 72, 73, 
309 
fuscatus, Tympanotonos fuscatus, 35, 39-42 
Fusinus, 218 
rudis, 218 
syracusanus, 218 


Galba, 126 
Galeodidae, 73 
galloprovincialis, Mytilus, 218 
gambiensis, Cuna, 71 
Ganula, 127, 224 
gardneri, Paludomus (Tanalia) neritoides, 263 
Gari, 73, 298 

togata, 73 
gasar, Crassostrea, 70, 71, 72, 73 
Gastrana 

fragilis, 217, 218 
Gastropoda, 7-47, 73, 75-80, 197, 207, 217, 231, 

241, 243, 279, 291 

gaudefroyi, Bythinella, 131 
Geomitrinae, 223 
gibba, Corbula, 215, 217, 218, 220 
gibberula, Diodora, 217 
Gibberula, 218 

miliaria, 218 

philippii, 218 
Gibbula, 107, 108, 109, 217 

adansoni, 217 

albida, 108 

albida vulgaris, 108 

ardens, 217 

nebulosa, 108 

umbilicaris, 108 
Gigantomilax 

occidentalis, 291 
glaber, Oxyhillus, 55 
glaber, Protopecten, 218 
glabrata albina, Biomphalaria, 232 
glabrata, Biomphalaria, 185, 231-236, 256 
glabrata, Mactra, 70, 71 
glabrata, Neritina, 71, 296, 303, 305, 307, 309 
glaucinus vulgaris, Unio, 114 
glaucum, Cerastoderma, 217, 218, 220 
globosa, Diplodonta, 71 
globosus, Paludomus (Tanalia) neritoides, 263 
Gocea, 139 

ohridana, 139 
Gonaxis 

quadrilateralis, 157 
Gouldia 

minima, 218, 220 
Gourmya, 127, 217 

rupestris, 217 

vulgata, 127 
Gracilaria, 55, 217 

confervoides, 217 

dura, 217 

filigrana, 55 
gracilis, Paludomus (Paludomus) tanschauricus, 262 
graeca, Diodora, 217 
Granopupa 

granum, 126 
granosa, Anadara, 73 
granulosa, Pachymelania fusca, 40, 41 
granum, Granopupa, 126 
grimaldii, Cylichnatys, 71 
groenlandicus, Margarites, 257, 258, 259 
groenlandicus, Serripes, 212, 213 
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gryphoides, Chama, 218 
guineensis, Solen, 71 
Gundlachia, 285, 289 

wautieri, 285 
Gymnarionidae, 78 
Gymnarioninae, 78 
Gyraulus 

albus, 114, 117, 119, 123, 156 


Haminea 

hydatis, 218 
hammonis, Nesovitrea, 55, 273, 274 
hansineensis, Olea, 101, 103 
haueri, Alopia canescens, 18 
Helicacea, 223 
Helicarionidae, 76, 77, 78 
Helicellinae, 223 
Helicidae, 223-225 
Helicigona, 55, 224 

arbustorum, 55 

banatica, 55 

trizona, 224 
Helicinae, 223 
Helicini, 223 
Helicinia, 223 
helicinus, Margarites, 257, 258, 259 
Helicodontidae, 223 
Helicodontinae, 223 
Helix, 54, 55, 91, 93-100, 126, 185, 189, 224, 245, 

274,275 

aspersa, 126, 189 

lucorum, 245 

Jutescens, 55 

pomatia, 54, 55, 91, 93, 94, 185, 189, 224, 245, 

274, 275 

heptapotamica, Hygromia, 224 
Hermaea, 101, 102, 103 

dendritica, 101, 102, 103 
Hiatella 

arctica, 218, 259 
Himanthalia 

elongata, 207 
Hinia, 217,218 

costulata, 217, 218 

incrassata, 218 

pygmaea, 218 

reticulata, 218 
Hinnites, 312 
Hippeutis 

complanatus, 114, 117, 119, 121, 123, 156 
hispida, Trichia, 55, 63, 274 
hortensis, Arion, 55, 183, 185, 187, 189, 291, 292, 
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hortensis, Cepaea, 55, 274, 275 
horezia, Lehmannia, 292, 293 
hydatis, Haminea, 218 
Hydrobia, 150 
Hydrobiidae, 139 
Hydrobioidea, 131 
Hydrocena 
monterosatiana, 63 
Hydrocenidae, 75 
Hygromia, 54, 55, 127, 224 
apollinis, 224 
cinctella, 224 
heptapotamica, 224 
kovacsii, 54, 55 
lanuginosa, 127, 224 
limbata, 224 
transsylvanica, 55, 224 
Hygromiidae, 223 
Hygromiinae, 223 


Hygromiini, 223 

Hypnophila, 127 
dohrni, 127 
remyi, 127 


Ichnusarion 
isselii, 128 

incarnata, Perforatella, 54, 55, 56 

incrassata, Hinia, 218 

inequicostatum, Dentalium, 218 

inflatum, Mantellum, 217, 218 

inflatus, Paludomus (Paludomus), 262, 264 

inflatus striatula, Paludomus (Paludomus), 262, 264 

inopinatus, Oxyhillus, 55 

insubrica, Marstoniopsis, 114, 117, 119, 121, 122, 
24 


Iphigenia, 295-301 
truncata, 295-301 
irideus, Salmo, 282 
Isanda, 108 
islandica, Arctica, 211-212 
isocardia, Dosinia, 71 
Isognomon, 70, 73 
alata, 73 
isognomon, 73 
isognomon, Isognomon, 73 
Isognomonidae, 73 
Isognomostoma 
isognomostoma, 55 
isognomostoma, Isognomostoma, 55 
isselii, Ichnusarion, 128 
italicum, Pisidium, 121 


jenkinsi, Potamopyrgus, 91 
jousseaumei, Diplodonta, 71, 72 
Jujubinus, 108 


kandapaensis, Paludomus (Paludomus) tanschauricus, 
2 


katchekense, Dentalium, 70, 72, 73 
Kincaidilla, 285 

kovacsii, Hygromia, 54, 55 
kuesteri, Cochlodina, 127 
kuramoensis, Neritina, 303-309 
kusceri, Milax, 292, 293 


Laciniaria, 55 
biplicata, 55 
plicata, 55 
Lacrimarion 
lacrimosus, 78 
lacrimosus, Lacrimarion, 78 
lactea, Striarca, 218 
lacteus, Loripes, 217, 218, 220 
lacustris, Acroloxus, 114, 117, 119, 121, 123, 156, 
285, 289 
laeve, Deroceras, 21, 24, 28, 29, 33, 55, 126, 274, 
275, 291, 292, 293 
laevis, Paludomus (Paludomus) chilinoides, 262 
laminata, Cochlodina, 55, 274 
lanuginosa, Hygromia, 127, 224 
Lasaca 
rubra, 180 
layardi, Paludomus (Tanalia) loricatus, 262 
Leda 
bicuspidata, 70 
Lehmannia, 18, 274, 291, 292, 293 
brunneri, 292, 293 
horezia, 292, 293 
marginata, 274, 291 
nyctelia, 291, 293 
rupicola, 293 


Lentidium 

complanatum, 211, 212 
Leptichnus, 135, 137,317 

fischeri, 137 
liberianus, Melampus, 70, 72, 73 
ligurica, Bythinella, 131 
Limacidae, 21-33, 76, 189, 291 
Limapontia, 101, 103, 104 

capitata, 101, 103, 104 
Limatula 

subauriculata, 257 
imax 15, 17, 18,21, 22. 23, 55) 127274, 275, 

291, 292, 293 
carbonarius, 292, 293 
cinereoniger, 15, 17, 21, 22, 23, 55, 274, 291, 
293 

conemenosi, 292, 293 

corsicus, 127 

flavus, 291, 292, 293 

macedonicus, 292, 293 

maximus, 55, 291, 292, 293 

nyctelinus, 55 

punctulatus, 292, 293 

subalpinus, 292, 293 

tenellus, 55, 274, 291 

zilchi, 15, 17 
limbata, Hygromia, 224 
Limnoperna, 165-182 

fortunei, 165-182 
Liocyma 

fluctuosa, 249 
Lischkeia, 108 
Lithoglyphus 

naticoides, 152 
Lithophaga, 312 
lithophaga, Petricola, 218 
litteratum, Cerithium, 73 
Littorina, 11-14, 45-46, 70, 72, 73, 241-242 

angulifera, 70, 72, 73 

melanostoma, 73 

neritoides, 241-242 

nigrolineata, 45-46 

saxatilis, 11-14, 4546, 241-242 

saxatilis nigrolineata, 11, 45-46 
Littorinidae, 11-14, 45-46, 47, 73 
livida, Alopia, 15, 18 
Lobiger, 103 
Lopha 

stentina, 218 
loricatus aculeatus, Paludomus (Tanalia), 262 
loricatus aereus, Paludomus (Tanalia), 262 
loricatus distinguendus, Paludomus (Tanalia), 262 
loricatus erinaceus, Paludomus (Tanalia), 262 
loricatus erinascens, Paludomus (Tanalia), 262 
loricatus funiculatus, Paludomus (Tanalia), 262 
loricatus layardi, Paludomus (Tanalia), 262 
loricatus loricatus, Paludomus (Tanalia), 262 
loricatus nodulosus, Paludomus (Tanalia), 262 
loricatus, Paludomus (Tanalia), 261-263 
loricatus, Paludomus (Tanalia) loricatus, 262 
loricatus pictus, Paludomus (Tanalia), 262 
loricatus reevei, Paludomus (Tanalia), 262 
loricatus similis, Paludomus (Tanalia), 262 
loricatus skinneri, Paludomus (Tanalia), 262 
loricatus typica, Paludomus (Tanalia), 262 
loricatus undatus, Paludomus (Tanalia), 262 
Loripes, 70, 71, 72, 73, 217, 218, 220 

aberrans, 70, 71, 72, 73 

lacteus, 217, 218, 220 
Loripinus 

fragilis, 218 
Lozekia, 224 
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lubrica, Cochlicopa, 55, 273, 274 
lubricella, Cochlicopa, 55, 274, 275 
Lucinidae, 73 
lucorum, Helix, 245 
luganense, Pisidium, 121 
lupinina, Dosinia, 218 
lurida, Ostrea, 179 
lusitanicus, Arion, 291, 292, 293 
lutescens, Helix, 55 
lutosa, Paludomus (Paludomus) tanschauricus, 262 
luzonica, Paphia, 73 
Lymnaea, 114, 116, 117-120, 121, 123, 126, 156, 
183, 185, 187, 189, 221, 255-256, 265, 282 
abissicola, 121 
auricularia, 114, 120 
ovata, 121 
palustris, 121 
peregra, 114, 116, 117-120, 123, 126, 156 
profunda, 121 
stagnalis, 183, 185, 187, 189, 255-256, 265 
truncatula, 126 
Lymnaeidae, 77 
Lyrodus, 179 


Macedonica, 18 
macedonicus, Limax, 292, 293 
machachensis, Archachatina, 78 
Масота, 211, 212, 213, 249 
moesta, 249 
praetenuis, 211, 212, 213 
Mactra, 70, 71, 72, 73 
diolensis, 70, 72, 73 
glabrata, 70, 71 
Mactridae, 73, 249 
maeotica, Chilostoma, 15, 17 
Maizaniidae, 75 
malabarica, Paludomus (Paludomus) tanschauricus, 
262 
manchourica, Bithynia, 159-163 
mancus, Unio, 114, 117, 119, 121, 122 
manii, Teredo, 73 
manilensis, Corbicula, 165, 180 
Mantellum 
inflatum, 217, 218 
Margarites, 257, 258, 259 
groenlandicus, 257, 258, 259 
helicinus, 257, 258, 259 
Margaritifera, 150, 267-270 
margaritifera, 267-270 
margaritifera, Margaritifera, 267-270 
marginata, Lehmannia, 274, 291 
marginatus, Milax, 291 
marginatus, Solen, 218 
Marginella, 70, 71, 72, 73 
aurata, 70, 72, 73 
monilis, 71 
Marginellidae, 73 
Marstoniopsis 
insubrica, 114, 117, 119, 121, 122, 124 
martineanus, Murex, 73 
maximus, Limax, 55, 291, 292, 293 
meda, Xeroplexa, 127 
mediterraneus, Conus, 218 
Megalobulimidae, 77, 78 
Megalobulimus 
popelairianus, 78 
Melampus, 42, 70, 72, 73 
bidentatus, 73 
coffeus, 73 
liberianus, 70, 72, 73 
Melaniidae, 73 
Melanopsis 
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fuchsi, 150 muralis muralis, 127 


melanostoma, Littorina, 73 muralis, Marmorana, 127 He 
melanostoma, Paludomus (Tanalia) neritoides, 263 muralis, Marmorana muralis, 127 


Melaraphe, 241-242 muralis muralis, Marmorana, 127 
Melongenidae, 73 Murella, 127 
Melongena, 73 Murellinae, 223 
melongena, 73 Murellini, 223 
pugilina, 73 Murex, 40, 73, 217 
melongena, Melongena, 73 brandaris, 217 
Meretrix brevifrons, 73 
meretrix, 73 fuscatus, 40 
meretrix, Meretrix, 73 martineanus, 73 
mesal, Mesalia, 71 radula, 40 
Mesalia muricata, Clavatula, 71 
mesal, 71 Muricidae, 73 
Mesolimax muscorum, Pupilla, 55, 63, 273, 274 
brauni, 291 mutabilis, Spharonassa, 217, 218 
Metafruticicolinae, 223 mutans, Tympanotonos fuscatus, 40 
metidjensis, Planorbarius, 251-254 Mya, 301 
micropleuros, Punctum, 127 Myochama, 314 
Microsetia, 70, 72, 73 Mysella 
Midorigai, 103, 105 bidentata, 218 
australis, 103, 105 Mytilacea, 165, 312 
Milacidae, 291 Mytilidae, 73 
Milax, 291, 292, 293 Mytilus, 211, 218, 312 
budapestensis, 291, 292, 293 edulis, 211 
cristatus, 292 galloprovincialis, 218 


kusceri, 292, 293 
marginatus, 291 


parvulus, 292, 293 Nassarius 
serbicus, 292, 293 propinquus, 211 
sowerbyi, 291 nasutus, Paludomus (Paludomus) tanschauricus, 262, 
verrucosus, 292, 293 264 
miliaria, Gibberula, 218 naticina, Valvata, 151 
minima, Batillaria, 71, 73 naticoides, Lithoglyphus, 152 
minima, Gouldia, 218, 220 nebulosa, Gibbula, 108 
minimum, Carychium, 55 nemoralis apennina, Cepaea, 243-245 
minor, Aegopinella, 54, 55 nemoralis, Cepaea, 62, 63, 243-245 
minor, Paludomus (Philopotamis) sulcatus, 262 nemoralis, Cepaea nemoralis, 243-245 
misella, Bithynia, 159-163 nemoralis etrusca, Cepaea, 243 
Mitra nemoralis nemoralis, Cepaea, 243-245 
ebenus, 218 Neotropis, 76 
Mitrella Nerita, 73, 279-283 
scripta, 217 birmanica, 73 
modicella, Paludomus (Paludomus) tanschauricus, 262 plicata, 279-283 
Modiolus, 70, 72, 73, 180, 218 polita, 279 
americanus, 73 tessellata, 279 
barbatus, 218 versicolor, 279, 282 
elegans, 70 neritia, Cyclope, 218 
nigeriensis, 70, 72 Neritidae, 73, 279, 303 
striatulus, 180 Neritina, 71, 73, 296, 303-309 
moesta, Macoma, 249 adansoniana, 71 
Monacha, 55, 81-85 glabrata, 71, 296, 303, 305, 307, 309 
cantiana, 81-83, 85 kuramoensis, 303-309 
cantiana cemenelea, 81, 85 virginea, 73 
cartusiana, 55, 81, 83-84, 85 neritoides cumingianus, Paludomus (Tanalia), 263 
cemenelea, 82 neritoides dilatatus, Paludomus (Tanalia), 263 
obstructa, 83 neritoides dromedarius, Paludomus (Tanalia), 263 
schotti, 83 neritoides gardneri, Paludomus (Tanalia), 263 
syriaca, 83 neritoides globosus, Paludomus (Tanalia), 263 
Monacheae, 223 neritoides, Littorina, 241-242 
Monachinae, 223 neritoides melanostoma, Paludomus (Tanalia), 263 
moniliferus, Clypeomorus, 35, 39, 43 neritoides, Paludomus (Tanalia), 261, 263 
monilis, Marginella, 71 neritoides swainsoni, Paludomus (Tanalia), 263 
Monodonta, 108, 217 neritoides tennanti, Paludomus (Tanalia), 263 
articulata, 217 neritoides thwaitesi, Paludomus (Tanalia), 263 
monterosatiana, Hydrocena, 63 Nesovitrea, 55, 273, 274, 275 
morio, Semifusus, 71, 73 hammonis, 55, 273, 274 
morus, Cerithium, 39 petronella, 274, 275 
moulinsiana, Vertigo, 55, 63 Neumayria, 150, 151 
Marmorana, 127 niger, Brachyodontes, 70, 72, 73 


muralis, 127 nigeriense, Branchiostoma, 296 


nigeriensis, Modiolus, 70, 72 
nigricans, Paludomus (Philopotamis), 262, 264 
nigricans, Paludomus (Tanalia), 263 
nigrolineata, Littorina, 45-46 
nigrolineata, Littorina saxatilis, 11, 4546 
nitidus, Zonitoides, 55, 274, 275 
noae, Arca, 218 
nodosa, Cymodocea, 217 
nodulosus, Paludomus (Tanalia) loricatus, 262 
notabilis, Anadara, 73 
nucleus, Nucula, 217, 218 
Nucula 
nucleus, 217, 218 
Nupnus, 134, 135 
nyctelia, Lehmannia, 291, 293 
nyctelinus, Limax, 55 
nymphalis, Tellina, 71 


oblonga, Succinea, 54, 55 
obstructa, Monacha, 83 
obtusa, Cerithidea, 73 
obtusale, Pisidium, 121 
occidentalis, Gigantomilax, 291 
ocellatus, Placobranchus, 101 
Ocinebra, 217, 283 
aciculata, 217 
Odonata, 141 
Odostomia 
conoidea, 218 
ohridana, Gocea, 139 
Ohridohoratia 
pygmaea, 139 
Olea, 101, 103 
hansineensis, 101, 103 
ontariensis, Valvata sincera, 139 
oophaga, Calliopaea, 101, 103 
opaca, Bythinella, 131 
opaca etrusca, Bythinella, 131 
Opisthobranchia, 101, 207, 259 
Orculidae, 76 
Oscillatoria, 251, 252 
formosa, 251 
Ostrea, 36, 179, 218 
cucullata, 36 
edulis, 218 
lurida, 179 
Ostreidae, 73 
ovata, Abra, 218 
ovata, Lymnaea, 121 
ovula, Tralia, 73 
Oxyhillus, 55 
glaber, 55 
inopinatus, 55 
Oxynoe, 103 


Pachymelania, 9, 40-42, 47, 71, 73, 296 
aurita, 9, 47, 73, 296 
fusca, 40, 41, 73 
fusca fusca, 40 
fusca fuscatus, 40 
fusca granulosa, 40, 41 
quadriseriata, 309 

padisii, Deroceras, 21, 29, 32, 33 

Paludinella 
dunkeri, 143 

Paluidomeae, 263 

Paludomus, 261-264 

Paludomus (Paludomus), 261-264 
chilinoides, 262, 264 
chilinoides constrictus, 262 
chilinoides fulguratus, 262 
chilinoides laevis, 262 
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chilinoides parvus, 262 
chilinoides phasianinus, 262 
chilinoides pyriformis, 262 
chilinoides zeylanica, 262 
inflatus, 262, 264 
inflatus striatula, 262 
palustris, 262 
tanschauricus, 262, 264 
tanschauricus acutus, 262 
tanschauricus gracilis, 262 
tanschauricus kandapaensis, 262 
tanschauricus lutosa, 262 
tanschauricus malabarica, 262 
tanschauricus modicella, 262 
tanschauricus nasutus, 262, 264 
tanschauricus spiralis, 262 
tanschauricus spurcus, 262 
tanschauricus (-tanchaurensis), 262 
tanschauricus tanjoriensis, 262 
Paludomus (Philopotamis), 261-264 
bicinctus, 262, 264 
bicinctus abbreviatus, 262 
decussatus, 262, 264 
nigricans, 262, 264 
regalis, 262, 264 
sulcatus, 262, 264 
sulcatus compactus, 262 
sulcatus contractus, 262 
sulcatus minor, 262 
Paludomus (Tanalia), 261-264 
loricatus, 261-263 
loricatus aculeatus, 262 
loricatus aereus, 262 
loricatus distinguendus, 262 
loricatus erinaceus, 262 
loricatus erinascens, 262 
loricatus funiculatus, 262 
loricatus layardi, 262 
loricatus loricatus, 262 
loricatus nodulosus, 262 
loricatus pictus, 262 
loricatus reevei, 262 
loricatus similis, 262 
loricatus skinneri, 262 
loricatus typica, 262 
loricatus undatus, 262 
neritoides, 261, 263 
neritoides cumingianus, 263 
neritoides dilatatus, 263 
neritoides dromedarius, 263 
neritoides gardneri, 263 
neritoides globosus, 263 
neritoides melanostoma, 263 
neritoides swainsoni, 263 
neritoides tennanti, 263 
neritoides thwaitesi, 263 
nigricans, 263 
solidus, 263 
palustris, Lymnaea, 121 
palustris, Paludomus (Paludomus), 262 
palustris, Pyrazus, 35 
palustris, Terebralia, 35, 36, 37, 43 
Paphia 
Juzonica, 73 
Papillicardium 
papillosum, 218 
papillosum, Papillicardium, 218 
Parafossarulus, 159, 160 
striatulus, 159, 160 
parasitica, Crassostrea, 73 
parva, Turboella, 217 
Parvicardium 
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exiguum, 218 
parvulus, Milax, 292, 293 
parvus, Paludomus (Paludomus) chilinoides, 262 
patulum, Cerithium, 35, 37, 39, 73 
paucicostatum, Sphaerocardium, 218 
Pecten, 312 
Pectinacea, 311, 312, 313, 314 
Pectinidae, 311, 312, 313 
pedicellatus, Teredo, 179 
Pelecypoda, 73, 259 
pellucida, Vitrina, 55, 274, 275 
peregra, Lymnaea, 114, 116, 117-120, 123, 126, 156 
Perforatella, 54, 55, 56, 274 
bidentata, 55, 274 
dibothryon, 55 
incarnata, 54, 55, 56 
rubiginosa, 55 
vicina, 54, 55, 56 
perversa, Balea, 273, 274 
petiti, Teredo, 73 : 
Petricola 
lithophaga, 218 
petricola, Vitrea, 128 
petronella, Nesovitrea, 274, 275 
Pettancylus, 285 
wautieri, 285 
pfeifferi, Biomphalaria, 187, 189 
Phaneroporus, 134 
phasianinus, Paludomus (Paludomus) chilinoides, 262 
Phenacolimax 
pollonerianus, 128 
philippii, Gibberula, 218 
philippii, Rupestrella, 127 
Philopotamis, 261-264 (see also Pa/udomus) 
Phyllobranchus, 105 
Physa, 114, 117, 119, 121, 123, 124, 156, 231, 236 
acuta, 114, 117, 119, 121, 123, 124, 156, 236 
fontinalis, 114, 117, 119, 123, 156 
Physidae, 77, 121 
pictus, Paludomus (Tanalia) loricatus, 262 
pilsbryi, Abra, 71 
Pinctada, 312 
pipiens, Rana, 282 
Pisania 
striata, 218 
piscinalis piscinalis, Valvata, 126 
piscinalis, Valvata, 114, 117, 119, 121, 122, 156 
piscinalis, Valvata piscinalis, 126 
Pisidium, 59, 114, 117, 119, 121, 122, 150, 151, 155 
amnicum, 121 
clessini, 150, 151 
italicum, 121 
luganense, 121 
obtusale, 121 
Pitar 
rude, 218 
Placobranchus, 101, 103, 105 
ocellatus, 101 
Placophora, 259 
Planorbarius, 251-254, 256 
corneus, 256 
metidjensis, 251-254 
Planorbidae, 77 
Planorbis, 94, 114, 116, 117-120, 123, 197, 204 
carinatus, 114, 116, 117-120, 123, 156 
Pleuroceridae, 9 
plicata, Laciniaria, 55 
plicata, Nerita, 279-283 
Plicatula, 311, 313, 314 
Plicatulacea, 311, 312, 313, 314 
Plicatulidae, 313, 314 
Pododesmus 
rudis, 73 
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polita, Acicula, 55 
polita, Nerita, 279 
pollonerianus, Phenacolimax, 128 
Polloneriella 
contermina, 127 
polymorpha, Dreissena, 150, 165, 179, 180, 181 
Polytoxon, 135 
pomatia, Helix, 54, 55, 91, 93, 94, 185, 189, 224, 
245, 274, 275 
Pomatias, 55, 126, 127, 279-283 
elegans, 55, 279-283 
elegans elegans, 126 
rivulare, 55 
sulcatus, 127 
Pomatiasidae, 75, 279, 282 
ponori, Deroceras, 21, 24, 27 
popelairianus, Megalobulimus, 78 
Potamides 
tesselatus, 35 
Potamididae, 73 
Potamopyrgus 
jenkinsi, 91 
praetenuis, Macoma, 211, 212, 213 
prasinus, Caliphylla, 105 
Prestonella, 75, 78, 79 
Prestonellidae, 75, 77, 78 
prevostianus, Theodoxus, 151 
profunda, Lymnaea, 121 
prolifera, Caulerpa, 217 
Propeamussidae, 311, 312, 313 
propinquus, Nassarius, 211 
Prosobranchia, 11, 4546, 131, 143, 197, 231, 241, 
259, 279 
Protopecten 
glaber, 218 
Psammobiidae, 73 
Psammocola 
depressa, 217, 218 
Pseudatoxon, 134 
Pseudosuccinea, 221 
Pteria, 312 
Pteriacea, 312 
Pteropoda, 259 
pugilina, Melongena, 73 
pulchella, Vallonia, 55, 126, 273, 274 
pulla, Tricolia, 107, 279 
Pulmonata, 133, 237, 243, 291 
pumila, Clausilia, 55 
punctata, Aplysia, 207, 209 
punctulatus, Limax, 292, 293 
Punctum, 55, 127, 274, 275 
micropleuros, 127 
pygmaeum, 55, 274, 275 
Pupilla, 55, 63, 273, 274 
muscorum, 55, 63, 273, 274 
sterri carpathica, 55 
Pupillidae, 77 
pura, Aegopinella, 55 
pusilla, Vertigo, 55, 274, 275 
putris, Succinea, 55, 274, 275 
pygmaea, Hinia, 218 
pygmaea, Ohridohoratia, 139 
pygmaea, Vertigo, 55 
pygmaeum, Punctum, 55, 274, 275 
Pyramidellidae, 107 
Pyrazus 
palustris, 35 
Pyrenaearia, 224 
pyriformis, Paludomus (Paludomus) chilinoides, 262 
pyriformis, Volvatella, 105 


quadrilateralis, Gonaxis, 157 
quadriseriata, Pachymelania, 309 


Radix, 126, 221 

auricularia, 221 

relicta, 221 
radula, Murex, 40 
radula, Tympanotonos fuscatus, 35, 39-42 
Rana, 282 

dalmatina, 282 

pipiens, 282 
reevei, Paludomus (Tanalia) loricatus, 262 
regalis, Paludomus (Philopotamis), 262, 264 
relicta, Radix, 221 
remyi, Hypnophila, 127 
reticulata, Achatina, 77 
reticulata, Hinia, 218 
reticulatum, Bittium, 217 
reticulatum, Deroceras, 21, 24, 25, 55, 274 
reticulatus, Agriolimax, 183, 184 
reticulatus, Arion, 185, 187, 189, 191, 193 
Retusa 

sulcata, 71 
rhizophorae, Crassostrea, 70, 73 
Rhodacmea, 221 

cahawbensis, 221 
Rhopalogonium, 134 
Rhytididae, 76, 77 
Riedelia, 224 
Rissoidae, 73, 107 
rivulare, Pomatias, 55 
Rocellaria 

dubia, 218 
ronnebyensis, Vertigo, 274, 275 
rosea, Aenigma, 73 
rosea, Euglandina, 157 
rotundata, Diplodonta, 218, 220 
rotundatus, Discus, 55 
rubella, Acmaea, 257, 258, 259 
rubescens, Dentalium, 218 
rubiginosa, Perforatella, 55 
rubra, Lasaca, 180 
rubus, Cerithium, 39 
rude, Pitar, 218 
ruderatus, Discus, 267-270, 274, 275 
Rudicardium 

tuberculatum, 218 
rudis, Fusinus, 218 
rudis, Pododesmus, 73 
rufus, Arion, 185 
rugosa, Astrea, 279, 283 
rugulosa, Cythara, 218 
Rupestrella 

philippii, 127 
rupestris, Gourmya, 217 
rupicola, Lehmannia, 293 
rustica, Columbella, 217 


Sacoglossa, 101 
sagrae, Cerithium, 71 
Salmo, 282 
fario, 282 
irideus, 282 
sardoum, Cochlostoma, 128 
sardoum, Deroceras, 128 
saxatilis, Littorina, 11-14, 4546, 241-242 
saxatilis nigrolineata, Littorina, 11, 45-46 
Scaphopoda, 73, 218, 259 
schmidtii bavarica, Bythinella, 143 
schmidtii, Bythinella, 131, 143 
schotti, Monacha, 83 
scripta, Mitrella, 217 
semicostata, Cingula, 211 
Semifusus 
того, 71, 73 
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senilis, Anadara, 70, 72, 73 
septangularis, Bellaspira, 218 
serbicus, Milax, 292, 293 
serratiliniformis, Theodoxus, 151, 152 
Serripes 
groenlandicus, 212, 213 
silvaticus, Arion, 291, 293 
similis, Paludomus (Tanalia) loricatus, 262 
sincera ontariensis, Valvata, 139 
skinneri, Paludomus (Tanalia) loricatus, 262 
Solen, 71, 218 
guineensis, 71 
marginatus, 218 
solidus, Paludomus (Tanalia), 263 
soosi, Alopia, 18 
sowerbyi, Milax, 291 
Sphaerium, 114, 117, 119, 122, 155 
corneum, 114, 155 
Sphaerocardium 
paucicostatum, 218 
Spharonassa 
mutabilis, 217, 218 
Sphincterochila 
candidissima, 127 
Sphincterochilacea, 223 
Sphincterochilidae, 223 
spiralis, Paludomus (Paludomus) tanschauricus, 262 
Spisula, 211, 212, 249 
arcuata, 211, 212 
elliptica, 249 
Spondylidae, 311, 312, 313, 314 
Spondylus, 313 
spurcus, Paludomus (Paludomus) tanschauricus, 262 
stagnalis, Lymnaea, 183, 185, 187, 189, 255-256, 
265 
Stagnicola, 221 
stentina, Lopha, 218 
sterri carpathica, Pupilla, 55 
Stiliger, 103 
Streptaxidae, 75, 76, 78, 79 
Striarca 
lactea, 218 
striata, Bulla, 218 
striata, Pisania, 218 
striatula, Paludomus (Paludomus) inflatus, 262 
striatulus, Modiolus, 180 
striatulus, Parafossarulus, 159, 160 
strigella, Euomphalia, 54, 55, 274 
Strophocheilidae, 77, 78 
sturanyi, Deroceras, 291, 293 
Stylommatophora, 77 
subalpinus, Limax, 292, 293 
subauriculata, Limatula, 257 
subfuscus, Arion, 21, 29, 30, 54, 55, 274, 275, 291, 
293 
substriata, Vertigo, 274, 275 
Subulinidae, 75, 76, 77, 78 
Succinea, 54, 55, 273, 274, 275 
elegans, 55, 273, 274 
oblonga, 54, 55 
putris, 55, 274, 275 
Succineidae, 77 
sulcata, Retusa, 71 
sulcata, Terebralia, 73 
sulcatus compactus, Paludomus (Philopotamis), 262 
sulcatus contractus, Paludomus (Philopotamis), 262 
sulcatus minor, Paludomus (Philopotamis), 262 
sulcatus, Paludomus (Philopotamis), 262, 264 
sulcatus, Pomatias, 127 
swainsoni, Paludomus (Tanalia) neritoides, 263 
Sycotypus, 230 
syracusanus, Fusinus, 218 
syriaca, Monacha, 83 
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Tacheocampylaea, 128 
Tagelus, 70, 71, 72, 73 
angulatus, 70, 72, 73 
Tanalia, 261-264 (see also Paludomus) 
(-tanchaurensis), Paludomus (Paludomus) tanschauri- 
cus, 262 
tanjoriensis, Paludomus (Paludomus) tanschauricus, 


tanschauricus acutus, Paludomus (Paludomus), 262 

tanschauricus gracilis, Paludomus (Paludomus), 262 

tanschauricus kandapaensis, Paludomus (Paludomus), 
262 

tanschauricus lutosa, Paludomus (Paludomus), 262 

tanschauricus malabarica, Paludomus (Paludomus), 
262 

tanschauricus modicella, Paludomus (Paludomus), 262 

tanschauricus nasutus, Paludomus (Paludomus), 262, 
264 

tanschauricus, Paludomus (Paludomus), 262, 264 

tanschauricus spiralis, Paludomus (Paludomus), 262 

tanschauricus spurcus, Paludomus (Paludomus), 262 

tanschauricus (-tanchaurensis), Paludomus (Paludom- 
us), 262 

tanschauricus tanjoriensis, Paludomus (Paludomus), 


Telescopium, 36, 73 
telescopium, 73 
telescopium, Telescopium, 73 
Tellina, 71, 298, 301 
ampullacea, 71 
distorta, 71 
nymphalis, 71 
Tellinacea, 295, 296, 297, 298, 301 
Tellinella 
distorta, 218, 220 
Tellinidae, 249, 300 
tenellus, Limax, 55, 274, 291 
tennanti, Paludomus (Tanalia) neritoides, 263 
tentaculata, Bithynia, 114, 117, 119, 121, 122, 159, 
160, 161 
tenuis, Tricolia, 217 
Terebralia, 35, 36, 37, 43, 73 
palustris, 35, 36, 37, 43 
sulcata, 73 
Teredinidae, 73 
Teredo, 73, 179 
adami, 73 
manii, 73 
pedicellatus, 179 
petiti, 73 
tessellata, Nerita, 279 
tesselatus, Potamides, 35 
Testacella, 189 
testudinalis, Acmaea, 257 
Thais, 42, 70, 72, 73 
callifera, 70, 72, 73 
forbesi, 70, 72, 73 
Theba, 81 
Thebea, 223 
Thebinae, 223 
Theodoxus, 124, 150, 151, 152, 282 
cantianus, 151 
danubialis, 151 
fluviatilis, 124, 150 
prevostianus, 151 
serratiliniformis, 151, 152 
transversalis, 151 
tnersites, Deroceras, 292, 293 
Thiaridae, 263 
thwaitesi, Paludomus (Tanalia) neritoides, 263 
Thyrophorellidae, 75, 77, 78, 79 
togata, Gari, 73 
Toltecia, 127 
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Tralia 
ovula, 73 
transsylvanica, Hygromia, 55, 224 
transversalis, Theodoxus, 151 
trapezia, Cardita, 218, 220 
Tresia, 134 
Trichia, 55, 63, 274 
hispida, 55, 63, 274 
unidentata, 55 
Trichiinae, 223 
Trichiini, 223 
Trichotoxon, 135 
Tricolia, 107, 217, 279 
pulla, 107, 279 
tenuis, 217 
Tridachia, 103, 105 
tridens, Chondrula, 55 
tridentatum, Carychium, 55 
trigona, Aloidis, 296 
trigona, Corbula, 71 
trizona, Campylaea, 15, 17, 18 
trizona dobroudscha, Campylaea, 15, 17 
trizona, Helicigona, 224 
Trochidae, 107, 108, 109 
Trochozonitinae, 138 
Tropidophora, 75 
truncata, Iphigenia, 295-301 
Truncatellina, 55, 126 
callicratis, 126 
claustralis, 55 
cylindrica, 55 
truncatus, Bulinus, 253 
truncatula, Lymnaea, 126 
Trunculariopsis 
trunculus, 217,220 
trunculus, Trunculariopsis, 217, 220 
tuberculatum, Rudicardium, 218 
Turbinidae, 279, 282 
Turboella 
parva, 217 
turcicus, Deroceras, 21, 24, 26 
turricula, Bela, 213 
Turridae, 107 
Tympanotonos, 35, 36, 39-43, 69, 70, 71, 72, 73, 309 
fuscatus, 35, 40, 42, 43, 70, 72, 73, 309 
fuscatus fuscatus, 35, 39-42 
fuscatus mutans, 40 
fuscatus radula, 35, 39-42 
typica, Paludomus (Tanalia) loricatus, 262 


umbilicaris, Gibbula, 108 

undatum, Buccinum, 197 

undatus, Paludomus (Tanalia) loricatus, 262 

unidentata, Trichia, 55 

Uno, 114, 117, 119, 121, 122 155 
mancus, 114, 117, 119, 121, 122 
glaucinus vulgaris, 114 

Unionacea, 314 

Upembella, 134, 135 

urbanskii, Deroceras, 292, 293 

Urocyclidae, 75, 77, 78, 133, 136, 138 

Urocyclinae, 133-138 

Urocyclus, 135 

ustum, Cerithium, 39 


vallei, Amphithalamus, 73 
Vallonia, 55, 126, 273, 274, 275 
costata, 55, 274, 275 
pulchella, 55, 126, 273, 274 
Valloniidae, 77 
Valvata, 114, 117, 119, 121, 122, 126, 139, 150 
151, 156 
baicalensis, 139 


cristata, 114, 117, 119, 121, 122 
naticina, 151 
piscinalis, 114, 117, 119, 121, 122, 156 
piscinalis piscinalis, 126 
sincera ontariensis, 139 
Valvatidae, 139 
varia, Chlamys, 218 
Venericardia 
antiquata, 215, 217, 218, 220 
Veneridae, 73, 249 
Venerupis, 211, 212, 215, 217, 218, 220 
aurea, 211, 212, 215, 217, 218, 220 
decussata, 218 
Venus 
verrucosa, 217, 218 
Veronicellidae, 76 
verrucosa, Venus, 217, 218 
verrucosus, Milax, 292, 293 
versicolor, Nerita, 279, 282 
Vertiginidae, 77 
Vertigo, 55, 63, 126, 273, 274, 275 
alpestris, 273, 274 
angustior, 55, 274 
antivertigo, 55, 126 
moulinsiana, 63 
Moulissiana, 55 
pusilla, 55, 274, 275 
Pygmaea, 55 
ronnebyensis, 274, 275 
substriata, 274, 275 
vesiculosus, Fucus, 207 
vicina, Perforatella, 54, 55, 56 
vindobonensis, Cepaea, 54, 55 
virginea, Neritina, 73 
viridis, Bythinella, 131 
viridis, Elysia, 101, 102 
Vitrea, 55, 128 
contracta, 55 
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crystallina, 55 
petricola, 128 
pellucida, 55, 274, 275 
Vitrinidae, 76 
Viviparus, 114, 117, 119, 121, 122, 150, 151, 152, 
156, 227-230 
acerosus, 151 
ater, 114, 117, 119, 121, 122, 156, 227-230 
böckhi, 150, 151 
clactonensis, 151 
diluvianus, 152 
viviparus, 150, 152 
viviparus, Viviparus, 150, 152 
‚Volvatella, 104, 105 
pyriformis, 105 
vulgaris, Gibbula albida, 108 
vulgaris, Unio glaucinus, 114 
vulgata, Gourmya, 217 


Watsonula, 285, 289 
wautieri, 285 
wautieri, Ferrissia, 119, 121, 123, 124, 156, 237-239, 
285-289 
wautieri, Gundlachia, 285 
wautieri, Pettancylus, 285 
wautieri, Watsonula, 285 
wiktori, Deroceras, 292, 293 


Xeroclausa, 127 
Xeroplexa 
meda, 127 


zeylanica, Paludomus (Paludomus) chilinoides, 262 
zilchi, Deroceras, 292, 293 
zilchi, Limax, 15, 17 
Zonitoides 
nitidus, 55, 274, 275 
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OBSERVACIONES SOBRE LA MORFOLOGIA GENERAL, 
MUSCULATURA Y APARATO DIGESTIVO EN TAGELUS (TAGELUS) 
DOMBEII Y Т. (T.) LONGISINUATUS (TELLINACEA: SOLECURTIDAE) 


María Villarroel y José Stuardo 


Centro de Ciencias del Mar y Limnología, 
Universidad Nacional Autónoma de México, 
Apartado Postal 70-305, México 20, D.F. 


RESUMEN 


La anatomia de Tagelus (Tagelus) dombeii (Lamarck, 1818), especie del Pacífico sudo- 
riental, es reactualizada en relación al conocimiento anatómico alcanzado en los últimos años 
en el estudio de los bivalvos. Haciendo énfasis especial еп su morfología general, musculatura 
y aparato digestivo (especialmente estómago) se describe también, por primera vez en forma 
comparativa, la anatomía de 1 especie de la costa mexicana: Tagelus (T.) longisinuatus, 


Pilsbry € Lowe, 1932. 


Se discute la inclusión del género Таде/и; Gray, 1847 en la familia Solecurtidae y se 


actualiza la sinonimia de las 2 especies. 


Se estudia en detalle la musculatura pedal y se postula que las grandes diferencias 
anatómicas constadas hasta ahora en las escasas familias de Tellinacea estudiadas es 
consecuencia de la diversidad taxonómica del grupo. 


INTRODUCCION 


Entre las especies de bivalvos de impor- 
tancia económica, hay algunas que se 
extraen en gran abundancia en ciertos 
paises durante todo el año, pero de las 
cuales se sabe poco acerca de su biología. 
Las listas taxonómicas y los trabajos en que 
aparecen generalmente citadas, incluyen 
solo referencias de citas taxonómicas, des- 
cripciones de la concha y anotaciones sobre 
su distribucion. Las limitaciones de tales 
citas son grandes y a menudo se conoce 
mas sobre la biología y la anatomía de 
alguna de estas especies, que lo que aparece 
mencionado en las listas sinonímicas. Este 
es el caso de Tagelus (Tagelus) dombeii 
(Lamarck, 1818), sobre cuya anatomía 
diversos autores han publicado observa- 
ciones detalladas (Bloomer, 1905, 1907; 
Hoffmann, 1914; Yonge, 1949). De Tagelus 
(Tagelus) longisinuatus Pilsbry & Lowe, 
1932 no se había hecho hasta ahora estudio 
anatómico alguno. 

La tendencia actual de la malacología 
demuestra que es importante, para poder 
estudiar la biología de 1 especie, el conocer 
claramente sus características anatómicas y 
su función, sobre todo cuando se trata de 
poblaciones de especies con una amplia 
distribución geografica y un variado 
comportamiento ecológico. EI conoci- 


miento de su biología y de la variación 
clinal o diferenciación politípica de tales 
especies, si la hubiere, no puede entenderse 
sin el estudio detallado de anatomía y 
función. 

Este trabajo junto con reactualizar 
observaciones anatómicas generales de 
Tagelus (T.) dombeii y de describir algunas 
de 7. (T.) longisínuatus, estudia en detalle 
algunas estructuras de valor en la taxono- 
mia actual. 


MATERIALES Y METODOS 


Las muestras de Tagelus (T.) dombeii 
fueron recolectadas en distintos puntos de 
la costa chilena, sobre todo en las alre- 
dedores de la costa de la Provincia de Con- 
cepcion. Este material se guarda en las 
colecciones del Museo de Zoología del 
Instituto Central de Biología de la Univer- 
sidad de Concepcion, Chile (MZICB). 

Las muestras de Tagelus (T.) longisi- 
nuatus provienen de muestras cuantitativas 
obtenidas en la costa centro occidental de 
Mexico, principalmente en el sistema 
lagunar del Estado de Guerrero, durante el 
desarrollo de un Estudio de Reconoci- 
miento de la zona costera de los Estados de 
Michoacan y Guerrero, por convenio entre 
la Comisión del Río Balsas y el Centro de 
Ciencias del Mar y Limnología de la Univer- 
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sidad Nacional Autónoma de Mexico. 

Las observaciones anatómicas se basan 
en la disección de 10 ejemplares de cada 
especie provenientes de diversas localidades. 
Este material fijado inicialmente en for- 
malina al 5% y preservado mas tarde еп 
alcohol al 70%, se estudió utilizando un 
microscopio estereoscopico Zeiss. Las 
preparaciones anatómicas fueron tenidas 
con rojo neutro para precisar detalles de 
estructuras difíciles de observar. 

Las figuras se hicieron directamente desde 
el microscopio, sin el empleo de cámara clara. 

En la descripcion de la musculatura se 
siguió la terminología de Graham (1934b) y 
en la del estómago, la de Dinamani (1967). 


No se constató variación morfologica impor- 
tante entre los diversos ejemplares exam- 


inados. 


LISTA DE ABREVIACIONES 
USADAS 


A Ареп се en la pared del estomago 
AA Músculo aductor anterior 

AM Músculo aductor medio 

Ao Aorta 

AP Músculo aductor posterior 

Area posterior de selección 

AS! Posible área de seleccion] de autores 


AS3 Area de selección del CD 

AS® Area de selección del piso de la 
bolsa | 

AS8 Area de selección a la entrada del 
CD 

AS11 Posible área de selección! 1 de autores 


B Bolsillos ciegos del APS 
Bl Bolsa izquierda 

CE Capa muscular circular del pie 
CD  Capuchon dorsal 
Capuchön dorsal posterior 
CiD Ciego derecho 

Cil Ciego izquierdo 

Ct Ctenidios o branquias 

DD  Ductos de los diverticulos digestivos 
DiD Diente dorsal del EG 

DiV Diente ventral del EG 

E Esofago 

EG  Escudo gástrico 

EP Elevador pedal 

Es Estomago 

GE  Ganglio periesofagico 

GP  Ganglio pedal 

GV Ganglio visceral 

| Intestino 

IC Inserción de los ctenidios 
MC Músculos cruciformes 


ME Membranas del sifón exhalante 
MI Membranas del sifón inhalante 
MP  Musculo paleo-sifonal 

Р Pie 

Pl Palpos 


PP Protractor pedal 

РО Proyección quitinosa anterior del EG 

R Reborde que nace en el piso anterior 
del Es, sube por la pared derecha y 
termina dentro del ler. tercio del CD 


RA  Musculo retractor pedal anterior 
RC Retractores de palpos y ctenidios 
RE  Repliegues esofagicos internos 

Ri Rinon 

RP Musculo retractor pedal posterior 
RS Músculo sifonal 

SE Saco del estilo 

SEx Sifon exhalante o anal 

Sin  Sifon inhalante o branquial 

SR Surco de rechazo 

ТА Tracto de aceptación 

TM  Tiflosol menor 

TY  Tiflosol mayor 

V Ventriculo 


TAXONOMIA Y DISTRIBUCION 
Género Tagelus Gray, 1847 


La inclusión del género Tagelus en los 
Tellinacea ha sufrido las mismas vicisitudes 
que la clasificación de esta superfamilia. 

Aparte de su inclusión original en la 
familia Solenidae, la relación del género 
Tagelus con géneros vecinos ha seguido 2 
tendencias importantes. Una ha sido inclu- 
irlo en la familia Sanguinolariidae (= 
Psammobiidae = Asaphidae = Garidae, 
según la prioridad genérica reconocida por 
los diversos autores) junto a los generos 
Gari, Solecurtus, Psammobia, Sanguinolaria, 
Asaphis, Heterodonax, etc. La otra pro- 
puesta originalmente por Graham (1934a, 
b) y confirmada por Thiele (1935) con 
caracteres de la concha, ha tenido auge 
desde la decada del 60 en adelante y separa 
los géneros Solecurtus y Tagelus еп la 
familia Solecurtidae (Newell, 1964; Keen, 
1971). La justificación de esta familia en 
base a caracteres anatómicos constituye un 
buen ejemplo de lo que debería hacerse con 
algunas otras familias de Tellinacea o sub- 
familias basadas esencialmente en diferen- 
cias de la concha. 

El género Tagelus se subdivide en la 
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actualidad en 2 subgéneros. En Mesop/eura 
Conrad, 1867, la concha presenta interna- 
mente un reborde engrosado que corre 
desde el umbo hacia abajo y atrás; en 
Tagelus, s.s., este no existe. Debido a la 
ausencia de este carácter 7. dombeii debe 
ser incluído en el subgénero Tagelus y no 
en Mesopleura como lo sugiriera Dall 
(1909). 

Ghosh (1920) basado en Bloomer 
(1905) propuso separar a Tagelus dombeii 
en 1 subgenero diferente, So/ecurte//us, que 
Thiele (1935) consideró como un genero dis- 
tinto denominandolo So/enocurtellus. Este 
nuevo taxon fue basado en una aparente y 
corta unión proximal de los sifones; sin em- 
bargo, como lo sugiriera Soot-Ryen (1959) 
y como se demuestra en este trabajo los 
sifones estan libres, excepto en su inserción 
a la musculatura sifonal y por lo tanto ese 
caracter y el nuevo taxon son totalmente in- 
validos. Resta aún la posibilidad de que el 
material estudiado por Bloomer (1905) que 
provenia de Perú pudiera corresponder a 1 
especie diferente, pero tal posibilidad es 
dudosa. 


Tagelus (Tagelus) dombeii 
(Lamarck, 1818) 


Solen dombeii Lamarck, 1818: 454; 
Bruguiere, -1827: 149, lam. 224, fig. 
1 ac. 

Solecurtus dombeii. Reeve, 1841: 44, lám. 
26, fig. 1. 

Solecurtus dombeyi. d'Orbigny, 1846: 524; 
Sowerby, 1874: lam. 7, sp. 30a, b; 
Bloomer, 1905: 78, lam. 10, figs. 1-3 
(anatomia); 1907: 219 (anatomia 
citada). 

Psammosolen dombeii. Hupe, 1854: 366; 
atlas, lam. 7, fig. 5, ба (como Solen). 

Tagelus dombeyi. Chenu, 1862: 24, fig. 
108; Hoffmann, 1914: 521-561, 
lams. 12-14 (anatomia); Yonge, 
1949: 48, 53, 55, 63 (anatomía 
citada); Clessin, 1888: 72, lam. 19, 
fig. 3: Paetel, 1890: 15 (citada). 

Tagelus (Mesopleura) dombeyi. Dall, 1909: 
160, 273, lam. 27, fig. 3; Soot-Ryen, 
1957:9. 

Tagelus dombeii. Soot-Ryen, 1959: 61; 
Osorio € Bahamonde, 1968: 114, fig. 
26. 

Tagelus (Tagelus) dombeii. Olsson, 1961: 
351, lam. 62, figs. 1, la, 5: Keen, 
1971: 246, fig. 617. 


Silicuaria dombeii. Martínez y Saez, 1869: 
Tan 1 tig: 4. 

Solecurtus (Solecurtellus) dombeyi. Ghosh, 
1920: 69. 

Solenocurtellus dombeyi. Thiele, 1935: 910. 

Solecurtus coquimbensis Sowerby, 1874: 
lam. 5; sp. 22а, D: 

Tagelus coquimbensis. Clessin, 1888: 71, 
lam. 19, fig. 4; Paetel, 1890: 15. 

Loc. tipo: Perú (Lamarck, 1818). 

Distribución: раме N del Golfo de 
Corcovado e Isla de Chiloe, Chile (Soot- 
Ryen, 1959) hasta Panama (Olsson, 1961). 

Material estudiado: los datos de prove- 
niencia y tamaño de los ejemplares com- 
pletos y valvas examinados se presentan 
en la Tabla 1. 

Descripción de la concha: concha gruesa, 
alargada, poco elevada, 2% a casi 4 veces 
tan larga como alta, con lados dorsal y 
ventral casi paralelos, de extremos 
redondeados; el anterior algo mas elevado 
que el posterior. Valvas convexas y ligera- 
mente aplastadas a traves de la linea media 
con el margen ventral debilmente sinuoso; 
umbos centrales, inconspicuos. Concha 
blanquecina violada con 2 rayos blancos 
estrechos que se extienden oblicuamente 
hacia atras desde el umbo. Los extremos 
anterior y posterior a menudo sombreados 
ligeramente de violeta. Interior de la 
concha blanquecino con los bordes 
violados. Seno paleal profundo; no alcanza 
la altura del umbo. A veces con un esbozo 
de reborde interno a la altura del umbo. 
Periostraco grueso concentricamente arru- 
gado, cafe oscuro. 

Observaciones: Tagelus (T.) dombeii 
(Lamarck) fue descrita originalmente de 
Perü y la primera cita para Chile fue dada 
por Hupe (1854) para Valparaiso. Con poste- 
rioridad, la especie se ha encontrado desde 
la parte N del Golfo de Corcovado y Chiloe 
(Soot-Ryen, 1959) hasta Ecuador, Colom- 
bia y Panama (Olsson, 1961). 

Sowerby (1874) describió Solecurtus 
coquimbensis de Coquimbo, que fue 
incluída más tarde por Dall (1909) apa- 
rentemente con propiedad en la sinonimia 
de Tagelus (T.) dombeii. 

Dunker (1868) describo también una 
Siliquaria nitidisima de Peru, que se 
asemeja a Tagelus (T.) dombeii. De acuerdo 
a Clessin (1888: 80) esta especie fue 
figurada por Dunker (1868: 117, lám. 39, 
fig. 3) obra que desgraciadamente no 
hemos podido consultar. Keen (1971) la 
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TABLA 1. Datos de tamaño y colecta del material estudiado de Tage/us (T.) dombeii. 


Localidad Ejemplares Valvas Longitud Fecha No. catálogo 
(CHILE) completos mm colecta MZICB* 
Prov. 
Вт Hornitos 18 19 61.5-86.9 23-V 11-1964 2562 
Mejillones 5 1 52.2-59.5 5-V 11-1970 5696 
Coquimbo Guanaqueros - 6 71.3-92.3 8-1X -1968 2720 
Dichato - 2 84.3-84.9 20-Х! -1959 1432 
Dichato 1 2 42.7-60.6 X-1959 1153 
Lirquén 10 12 60.5-85.5 16-VI -1964 2530 
Concepciôn Lirquén 5 12 63.7-95.5 19-М1 -1964 1444 
Lirquén 7 22 53.9-85.5 16-V11-1964 2531 
Lenga - 4 71.7-75.2 14-X11-1960 2304 
San Vicente = 11 73.6-99.5 X-1959 1152 
Barra Rio 11-1962 
Arauco Carampangue 15 12 50.0-150.0 (2 т de prof.) 5676 
Тиби 1 5 61.0-92.3 28-Х! -1963 4520 
Llanquihue Chamiza 1 2 41.0 X-1959 1154 
. Estero Talcän; 
Chiloé Isla Talcán 4 8 44.7-64.4 29-1Х -1971 5696 


*MZICB = Museo de Zoología del Instituto Central de Biología de la Universidad de Concepcion, Chile. 


incluye como sinonimo de Tagelus 
(Mesopleura) politus (Carpenter, 1857). 

Con posterioridad Sowerby (1874) y 
Clessin (1888) también describen y figuran 
a esta especie, sin embargo, no hay coinci- 
dencia entre las figuras de ambos autores. 
En el hecho, Clessin (1888) cita en el texto 
sólo a la figura 6 de la lam. 10, muy 
diferente de la de Sowerby y omite a la 
figura 2 de la lámina 19, que se asemeja 
mas a la figura de Sowerby y que aparece 
mencionada sólo en la explicación de la 
lámina. 


Tagelus (Tagelus) longisinuatus 
Pilsbry € Lowe, 1932 
Tagelus affinis longisinuatus Pilsbry & Lowe, 


1932: 91, lam. 11, figs. 4, 5; Olsson, 
1961: 351: 
Tagelus (Tagelus)  longisinuatus. Keen, 


1971: 246, fig. 619. 

Loc. tipo: Mazatlán, Mexico (Pilsbry 8 
Lowe, 1932). 

Distribución: Mazatlán a Oaxaca, Mexico 
(Keen, 1971). 


Material estudiado: los datos de prove- 
niencia y tamaño de los ejemplares com- 
pletos y valvas examinados se presentan en 
la Tabla 2. 

Descripción de la concha: concha 
delgada, alargada, poco elevada, 3 veces tan 
larga como alta, con lados dorsal y ventral 
poco paralelos y extremos redondeados; 


extremo anterior ligeramente más elevado 


que el posterior. Valvas convexas, no 
aplastadas en su раме media; margen 
ventral mas о menos recto; umbos 


centrales, bien marcados. Concha blan- 
quecina sin rayos coloreados. Interior de la 
concha de color blanco; seno paleal muy 
profundo, pudiendo extenderse a traves del 
60% del largo de la concha, sobrepasando 
al umbo; sin reborde interno. Periostraco 
delgado, brillante, color cafe amarillento, 
opaco. 

Observaciones: esta especie fue descrita 
originalmente como una subespecie de 
Tagelus (T.) affinis (C.B. Adams, 1852) y 
diferenciada de esta última por su forma 
mas alargada y seno paleal considerable- 
mente profundo. 

Ha sido reconocida por Keen (1971) como 
una especie diferente y a las caracteristicas 
establecidas en la descripción original debe 
agregarse la de presentar una altura mucho 
menor que en Tagelus (T.) affinis. 

Muy poco es lo que se ha publicado 
acerca de la distribución de Tagelus (T.) 
affinis y de T. (T.) longisinuatus y nada 
respecto a su ecología y anatomía. 

De Tagelus (T.) affinis se dice que se 
distribuye desde el Golfo de California a 
Panamá habitando en bancos lodosos 
someros y en el mar abierto hasta profundi- 
dades de 73 m. 

La distribución conocida de 7. (7.) /ongi- 
sínuatus es mucho таз restringida, 
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TABLA 2. Datos de tamaño y colecta del material estudiado de Tage/us (T.) longisinuatus. 


Localidad Ejemplares  Valvas Longitud Profundidad Fecha 
(MEXICO) completos mm m colecta 
Laguna Pericos, 
Nayarit Estero del Pozo, = 2 24.0-40.0 = V-1973 
San Blas 
27-X -1973 
Laguna Potosi 5 6 20.0-43.0 0.2-1.1 24-X1-1973 
Salinas del Cuajo = varias 33.5-50.0 1.8 17-1X-1973 
Guerrero Laguna Nexpa 
o Chautengo 11 4 10.7-59.0 0.5 13-1X-1973 
Salinas de Apozahualco 1 1 38.0-47.0 0.6 12-1X-1973 
Laguna de Tecomate = 4 19.0-51.5 0.5-0.6 11-1Х-1973 


limitándose a la parte central-sur de la 
costa Pacífica mexicana y nada se ha 
publicado sobre su habitat. 

Las colectas en que se basa el presente 
estudio circunscriben su habitat, por lo 
menos desde Nayarit a la costa de 
Guerrero, a esteros y lagunas costeras en 
localidades con salinidades que varian entre 
2.8 y 33.6 0/00 (Tabla 3). De acuerdo con 
la clasificación de organismos estuarinos 
propuesta por Kinne (1971: 961) puede 
concluirse que esta especie es marino- 
eurihalina o quizas eurihalina endémica de 
los sistemas estuarinos de la costa que 
habita. 


EXAMEN COMPARATIVO DE LAS 
PARTES BLANDAS 


Manto y estructuras externas 


La forma general del cuerpo en Tagelus 
(T.) dombeii y T. (T.) longisinuatus es 
alargada, poco elevada, coincidiendo con la 
de la concha (Figs. 1-2); como en ella la 
parte posterior se observa también menos 
elevada que la anterior. En el material 
fijado las partes blandas aparecen de color 
cafe rojizo en 7. dombeii y blanquecina en 
Т. longisinuatus. En vida son de color 
blanquecino-amarillento. Resaltan externa- 
mente el aductor anterior y los retractores 
anteriores y elevadores en la mitad anterior 
y el aductor posterior, retractores poste- 


riores y los músculos sifonales en la mitad 
posterior. Los sifones pueden estar parcial- 
mente retraídos, proyectändose en parte 
fuera de los bordes posteriores del manto o 
hallarse retraídos por completo, no visibles. 

El pie (P) es voluminoso apareciendo 
generalmente proyectado fuera de la 
concha. 


Manto 


En la parte anterior los lobulos del 
manto se encuentran unidos sobre el 
aductor anterior; por debajo estan separa- 
dos y llegan asi hasta la región posterior 
en donde se unen nuevamente, dejando una 
gran abertura limitada a las regiones ante- 
rior y casi toda la ventral; gran parte de ella 
corresponde a la abertura pedal. Lateral- 
mente, y a cierta distancia por delante del 
borde posterior, los lobulos del manto 
están conectados en sus bordes internos 
con la porción proximal de los sifones 
(Bloomer, 1905). (Figs. 1-3). 

En las partes laterales del cuerpo el manto 
es muy delgado, en contraste con los bordes 
ventrales que son mucho más gruesos y 
anchos, como lo demostrara Hoffmann 
(1914: 541); en estos últimos se distinguen 
3 pliegues, de los cuales el mediano está 
provisto en toda su extensión de papilas 
que se hacen mas compactas en la parte 
posterior del manto. 

Alrededor de la cavidad sifonal se 


TABLA 3. Variación de la salinidad en las lagunas costeras mientras se colectaron ejemplares 


vivos de Tagelus (T.) longisinuatus (12-1X-73/11-1-74). 


Salinidad °/oo 


Apozahualco 27.75-32.21 
Chautengo 2.8-10.40 
Potosi 24.16-33.62 


Estado de crecimiento 


Juveniles y adultos 
Adultos (moribundos) 
Juveniles 
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constatan diferencias en el pliegue interno 
de ambas especies. En Tagelus (T.) dombeii 
aparecen papilas alargadas mientras que en 
Т. (T.) longisinuatus se forman repliegues 
asemejando papilas. 


Sifones 


Los sifones en Tagelus (T.) dombeii 
y T. (T.) longisinuatus son largos, pueden 
retraerse en el “espacio sifonal’’ como en 
Gari tellinella (Graham, 1934a: 162) y 
estan separados desde la base; no existe 
unión alguna entre ellos, excepto en lo que 
respecta a las ramas de los retractores 
sifonales (Figs. 3 y 5, RS) que los origina 
por fusión. No es posible reconocer en los 
sifones una porción proximal corta y otra 
larga libre como fuera descrito por Bloomer 
(1905: 78) en 7. dombeii. Exteriormente 
los sifones presentan repliegues transversales 
y 6 hileras longitudinales de pequenas 
papilas, nueve por cada repliegue, e inter- 
namente repliegues longitudinales y trans- 
versales más finos ya notados por Bloomer 
(1905: 79). 

De interés en su morfología es la 
presencia de valvulas о membranas que 
obturan las aberturas proximales (basales) 
de los sifones (Figs. 3-4, ME, MI), tambien 
descritas por Kellogg (1915) por lo menos 
para el sifón inhalante en “Macoma secta” 
y Mactra solidissima y por Pohlo (1967) 
para Donax gouldi donde son muy elabo- 


radas. Estas estructuras parecen no ser 
siempre homologables a las membranas 
sifonales discutidas por Sellmer (1967: 


149-152). La presencia de rebordes aser- 
rados en algunas de ellas, la superposición 
de otras o la forma de medialuna еп 
terceras, sugiere propiedades oclusivas que 
controlan el flujo del agua y probablemente 
del material en suspensión, correspondiendo 
a una función filtradora importante en 
algunos Tellinacea como ha sido sugerido 
por Pohlo (1967). 

En Tagelus (T.) dombeii (Fig. 4a, MI, 
ME) hay 3 membranas que se superponen 
en el orificio basal del sifon inhalante: 2 
inferiores, semicirculares y 1 superior 
central plano-convexa alargada. El orificio 
basal del sifón exhalante presenta 2 proyec- 
ciones centrales linguiformes: 1 ventral de 
borde aserrado y 1 superior algo cuspidada. 

En 7. (T.) longisinuatus las aberturas 
basales de los sifones son totalmente 
distintas. La del sifón inhalante presenta 
solo un diafragma de forma semilunar, 
mientras que la del sifón exhalante no tiene 
membranas, pero sus bordes están engrosa- 
dos por fuerte musculatura (Fig. 4b). 


Pie 


Tagelus (T.) dombeii y T. (T.) longisi- 
nuatus asi como otras especies de Tagelus, 
las especies de Solecurtus y los Tellinacea 
en general, presentan un pie muy grande y 
activo, linguiforme y lateralmente compri- 
mido: sin embargo, parece proporcional- 
mente más grande en las especies de 
Tagelus que en Solecurtus. Tambien se 
observan entre estos 2 generos diferencias 
considerables en la musculatura del pie como 


(excepto 
diverticulos digestivos), riñón y parte de los sistemas nervioso y circulatorio. El retractor sifonal derecho 
se ha cortado para mostrar las aberturas sifonales. 


FIG. 3. Vista lateral derecha de 7. (7.) dombeii mostrando: curso del aparato digestivo 
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FIG. 4. Esquema de las aberturas sifonales internas: a) en 7. (T.) dombeii y b) еп Т. (T.) longisinuatus. 


Fig. 4a, X4.3; Fig. 4b, X5.7. 


FIGE: 


Vista de la cavidad del manto de 7. (T.) dombeii mostrando la relación palpo-ctenidio, detalles 


de la musculatura sifonal y paleo-sifonal y las diferentes capas que forman la musculatura pedal. 


se discute таз adelante. 


Branquias (ctenidios) y palpos labiales 


En Tagelus (T.) dombeii y T. (T.) 
longisinuatus los ctenidios ocupan gran 
parte de la cavidad paleal. Las demibran- 
quias son anchas y alargadas comparables a 
las de las otras especies de Tagelus descritas 
(Pohlo, 1973: Kellogg, 1915). Los palpos 
labiales son pequenos, aunque aparente- 
mente más grandes que los de 7. (7.) 
californianus a juzgar por las figuras dadas 
por Kellogg (1915: figs. 36-37) y Pohlo 
(1973: fig. 1). Según Stasek (1963) la 
relación de palpos y ctenidios sería como 
en toda la superfamilia Tellinacea (a 
excepción del genero Semele) del grupo (o 
categoría) Ill, de decir, que los extremos 
ventrales de los filamentos anteriores de la 
demibranquia interna no se insertan en el 
surco oral, aunque el margen antero ventral 


de la demibranquia interna puede estar 
fusionado a la lamela interna del palpo. 
Recientemente Pohlo (1973: 3) ha descrito 
este tipo de relación en 7. (7.) califor- 
nianus, sin embargo, Kellogg (1915: 667) 
dibujó y describió el borde anterior de la 
demibranquia interna en esta misma 
especies como””...inserted far down into the 
lateral oral groove, and united by concres- 
scence along the center of its bottom”, es 
decir, que no corresponde a la descripción ni 
a la categoría Ill de Stasek. En el hecho, la fig. 
37 de Kellogg correspondiente a 7. (7.). 
californianus es casi identica a nuestra Fig. 
5 en la que se representa la asociación 
palpo-ctenidio en 7. (7.) dombeii. De 
acuerdo a la definición de Stasek esta 
asociación parece corresponder a su cate- 
goría Il, ya que los extremos ventrales de 
los filamentos anteriores de la demibran- 
quia interna están insertados en y fusiona- 
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dos al surco oral distal (‘lateral de 
Kellogg). La definición de estas categorías 
es sensiblemente vaga y no podran pre- 
cisarse sino cuando la asociación palpo- 
ctenidio sea estudiada, no en 1 o pocos 
representantes de las distintas familias de 
bivalvos, sino, en un gran número de ellos. 


Musculatura 


Las características de diferenciación 
muscular en Tellinacea es uno de los 
aspectos más descuidados por los anato- 
mistas. Pese a que Graham (1934 a, b) 
demostro la importancia de la musculatura en 
general y sobre todo de la musculatura pedal 
en la diferenciación especifica y supragenérica 
de los Tellinacea, muy poco enfasis se ha dado 
a estas mismas observaciones en estudios 
posteriores. 

En esta discusión de la musculatura en 
Tagelus (T.) dombeii y T. (T.) longisinuatus 
se enfatizan 2 grupos de músculos: paleales 
y pedales. 


Músculos paleales 


Cuatro conjuntos musculares sobresalen 
en la musculatura del manto: el aductor 
anterior, el aductor posterior, el músculo 
cruciforme у los músculos sifonales. EI 
aductor anterior es en las 2 especies 
estudiadas, como en los Solecurtidae en 
general, de mayor tamano que el posterior 
y de forma alargada. Como lo describen 
Bloomer (1905: 79) y Hoffmann (1914: 
541) es aplastado dorsalmente en sección 
transversal, curvado ventralmente y dividido 
por el integumento ventral en 2 partes. En su 
parte posterior se inserta el protractor 
anterior del pie. 

El aductor posterior es de forma oval y 
se presenta parcialmente unido por tejido 
conectivo en su parte anterior, a las ramas 
del retractor posterior del pie. Hay ademas 
numerosas fibras musculares que los unen 
ventrolateralmente al retractor sifonal; pos- 
teriormente se une con el integumento 
dorsal, los sifones y los lobulos del manto. 

El músculo cruciforme en Tagelus (T.) 
dombeii ha sido descrito por Bloomer 
(1905) y Hoffmann (1914) y sus caracte- 
rísticas morfológicas fueron discutidas por 
Graham (1934a: 18). Su presencia en 
Tellinacea y sobre todo su función han sido 
discutidas también por Graham (1934a: 18) 
y por Yonge (1949: 51). Tanto en 7. (7.) 


dombeii como en Т. (T.) longisinuatus esta 
situado bajo la porción proximal de los 
sifones. Une los lóbulos del manto muy por 
detrás del cuerpo, directamente debajo del 
aductor posterior como occurre en la 
mayoria de los Tellinacea y a diferencia de 
Solecurtus en donde el músculo cruciforme 
se sitúa en la parte central del cuerpo. 

Las 2 ramas que lo componen despues 
de entrecruzarse y atravesar los lobulos del 
manto se fijan a las valvas opuestas 
mediante inserciones ovales. 

Existe un haz muscular importante en 
las paredes laterales del manto, que origi- 
nandose en los lóbulos se inserta en la 
concha por encima de los haces del 
músculo cruciforme (Figs. 1-2, 5, MP). Este 
par de músculos descrito con anterior- 
idad solo en “Macoma secta Conrad” por 
Kellogg (1915: 661, fig. 33 mm) se fusiona 
con las fibras musculares del integumento 
ventral, aparentemente dando apoyo a los 
movimientos de los sifones. Es denominado 
por Kellogg ‘‘musculo del manto”, pero se 
propone aqui llamarlo “músculo paleo- 
sifonal”. 

Los retractores sifonales están mas de- 
sarrollados en Tagelus (T.) longisinuatus 
que en 7. (7.) dombeii. Se insertan lateral- 
mente a las valvas de la concha y estan 
formados por haces de fibras longitudinales 
gruesas que originándose en los sifones se 
cruzan y extienden hacia adelante en 
abanico de modo que el haz externo se 
origina en el sifón exhalante (anal) y los 
haces internos en el inhalante (branquial) 
(Figs. 1-3, 5, RS). Su superficie de inser- 
ción en la concha ocupa una superficie 
mayor que la del aductor posterior, 
situándose más anteriormente en 7. (7.) 
longisinuatus (Figs. 1-2). 


Músculos pedales 


La musculatura pedal de 8 especies ha 
sido discutida por Graham (1934b) con 


esquemas ilustrativos muy claros de las 
especies Сам tellinella (Psammobiidae), 
Donax vittatus (Donacidae), Cultellus 


pellucidus (Solenidae o Cultellidae) y Sole- 
curtus scopula (Solecurtidae). 

Las diferencias encontradas, en algunos 
casos considerables, indican en apariencia 
una falta de relación entre las caracter- 
isticas de la musculatura pedal de las dis- 
tintas familias, que obscurecen en principio 
el posible valor taxonómico de tales dife- 
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rencias. En verdad estos estudios han sido 
realizados en tan pocas especies, generos y 
aún familias de Tellinacea que es necesario 
considerar que tal falta de relación sea por 
una parte sólo la consecuencia de la alta 
diversidad alcanzada por este grupo y por 
otra, de la presunción aparente de que una 
similaridad de forma implicaría igualdad de 
función. Las diferencias encontradas por 
Graham (1934b) refutan tal presunción y 
demuestran la necesidad de efectuar 
estudios anatómico-funcionales, que a su 
vez permitan llevar a cabo observaciones 
ecológicas más precisas. 

Otro aspecto del estudio de Graham que 
vale la pena reforzar es que la diferen- 
ciación adoptada por autores anteriores 
entre una “musculatura intrínseca” y otra 
“extrínseca” del pie, aparentemente de 
igual importancia, no es realista, y que, en 
general, la primera es una parte de la 
segunda salvo en un tipo de fibras res- 
tringidas a su porción distal. De acuerdo con 
esto pueden reconocerse hasta ahora los 
siguientes tipos de músculos indicados en 
las Figs. 11-15: 


a) un par de protractores del pie (protrac- 
tor pedis de autores, PP) insertos a cada 
lado de la superficie ventral del aductor 
anterior y dirigidos oblicuamente hacia 
atras. 

b) un par de retractores anteriores (retrac- 
tor pedis de autores, RA) insertos detrás 
del aductor anterior y unidos parcial- 
mente y divergiendo luego en mayor о 
menor grado hacia abajo y hacia atrás. 
En su inserción pueden dividirse hasta 
en 2 ramas por lado. 

с) un par de retractores pedales poste- 
riores (RP) que se insertan en posición 
dorsal y anterior al aductor posterior, se 
unen luego parcialmente y divergen una 
vez mas para dirigirse hacia adelante y 
abajo alcanzando el extremo dorsal del 
pie. Los haces pueden ubicarse for- 
mando una capa interna a los anteriores 
o intermedia entre ellos. 

d) un par de elevadores del pie (EP) 
lelevator pedis de autores), insertos a 
cada lado de la charnela, que como los 
anteriores se unen entre su inserción en 
la concha y el pie para separarse al 
penetrar este último formando el núcleo 
interno de la musculatura pedal. 

e) un par de músculos variadamente 
ramificados demoninados aqui “retrac- 


tores-elevadores de los palpos y las 
branquias” que se insertan casi en la 
mitad de la concha, por delante de la 
cavidad pericardica y se unen, por una 
parte, a haces musculares que forman 
un peto o escudo que aisla a la cavidad 
pericärdica y, por otra, envía fibras 
musculares que se unen al protractor 
pedis. 


Las 2 especies aquí estudiadas Tagelus 
(T.) dombeii y T. (T.) longisinuatus рге- 
sentan una distribución muy similar de la 
musculatura pedal la que, sin embargo, 
difiere bastante de la de otras especies en 
las que ha sido descrita, como se discute a 
continuación (Fig. 15). 


a) Músculos protractores del pie 


Estos músculos tan ¡importantes en 
especies de Solecurtus y en otras familias 
parecen haber perdido ади! gran parte de su 
función (original ?). Están reducidos a un 
conjunto debil de fibras que se unen a los 
músculos denominados "'retractores-eleva- 
dores de los palpos у las branquias” for- 
mando la parte superior lateral y posterior 
lateral de la pared muscular que encierra la 
masa digestiva (estómago y diverticulos 
digestivos). En su inserción por delante del 
retractor anterior y bajo el aductor anterior 
en Tagelus (T.) dombeii y delante de 
ambos en 7. (T.) longisinuatus, se presenta 
unido a la rama externa de los retractores 
pedales anteriores, al punto que es dificil 
diferenciar unas pocas fibras que corren 
lateralmente hacia atras de los retractores 
pedales anteriores (ver Fig. 15). 

Su función más que formar parte de la 
musculatura pedal propiamente dicha, 
parece tener relacion con los movimientos 
de los palpos labiales y branquias. 


b) Músculos retractores pedales anteriores 


Estos músculos constituyen la primera 
capa muscular lateral importante situada 
inmediatamente debajo de la epidermis y 
cubre gran parte de la pared lateral del pie. 
Su disposición tanto en la bifurcación de 
las ramas laterales de estos músculos en su 
inserción bajo el aductor anterior, como en 
su desarrollo y extensión corresponden 
muy bien con la constatada por Graham 
(1934b) en Cultellus pellucidus (Solenidae 
Gray, 1823, o Cultellidae Davies, 1935) 


LA ANATOMIA DE TAGELUS 343 


(Figs. 1-2, 13, 15, RA). En esta última 
especie la reducción del protractor pedal 
descrita por Graham podría determinar una 
función similar al menos para parte de la 
musculatura pedal. 


c) Músculos retractores pedales posteriores 


En las 2 especies estudiadas estos 
músculos constituyen la gran masa de la 
pared del pie con haces que corren hasta su 
misma punta (extremo distal). Estan separa- 
dos de los músculos retractores anteriores 
por una delgada capa intermedia de fibras 
circulares probablemente similar a aquella 
descrita por Graham en Gari tell inella. 


d) Músculos elevadores pedales 


Estos músculos de grosor considerable, 
presentan las mismas caracteristicas que los 
descritos por Graham en Donax vittatus y 
como en esa especie, en Tagelus (T.) 
dombeii y T. (T.) longisinuatus los haces 
musculares forman la parte central de la 
musculatura pedal en la parte distal del pie. 
Bloomer (1907: 233, lam. 19, fig. 4) 
menciona y figura por lo menos la inser- 
ción de estos músculos en la concha en 7. 
(Mesopleura) divisus. 

Si la retención de estos elevadores indica 
(como Graham sugiere para Donax) una 
separación temprana de los hemidapedontes 
ancestrales al igual que en Donax, no hay 
evidencia de que estos 2 géneros esten 
filogeneticamente unidos. Su presencia, sin 
embargo, aboga por una separación mas 
temprana de Tagelus del stock original que 
la de Solecurtus y los Novaculininae como 
se discute más adelante. 


e) Músculos retractores-elevadores (?) de los 
palpos y branquias 


Ni Bloomer (1905) ni Hoffmann (1914) 
hacen referencia a estos músculos en 
Tagelus (T.) dombeii y tampoco Graham 
(1934a) los menciona en sus especies 
estudiadas. En el hecho sólo Bloomer 
(1907: 223, fig. 4) en su descripción de 7. 
(Mesopleura) divisus menciona y figura a 
un “retractor branquial'” que parece corres- 
ponder a estos músculos presentes en 7. 
(T.) dombeii y T. (T.) longisinuatus. 

Sus relaciones con los protractores, los 
retractores anteriores y la musculatura 
intrínseca hacen difícil interpretar su ver- 


dadera función. 
Musculatura intrínseca 


Se ha mencionado la dificultad que 
existe de diferenciar esta musculatura de lo 
que constituye la musculatura propiamente 
externa. Ademas de la capa de fibras circu- 
lares que separan a la capa de retractores 
anteriores de los posteriores, en Tagelus 
(T.) dombeii y Т. (T.) longisinuatus, 
existen haces de fibras dificiles de caracte- 
rizar en una disección anatómica. La gruesa 
cutícula externa cubre, según Hoffmann, 
una capa de fibras circulares que debe 
considerarse en esta musculatura y este 
mismo autor describe una segunda capa 
interna circular importante, paralela a la 
primera, ubicada por debajo de la capa de 
fibras longitudinales de los retractores pos- 
teriores. 

Hay fibras transversales que atraviesan a 
toda la musculatura pedal y bandas aisladas 
que pasan entre la masa de los divertículos 
digestivos e intestinal. Estas bandas de 
fibras se insertan en la pared muscular que 
forma el pie. De ellas un haz merece 
especial atencion. Se encuentra situado 
entre el ciego postero-dorsal y el saco del 
estilo o parte posterior del estómago (Figs. 
6, 9, AM) y parece corresponder a lo que 
ha sido considerado por C.M. Yonge (1949: 
66) como un pequeño “músculo адистог” 
y descrito al menos para Tellina tenuis 
como uniendose a las 2 valvas. En Tagelus 
(T.) dombeii y en Т. (T.) longisinuatus este 
haz de fibras representa un aductor, en 
verdad, pero no atraviesa las paredes late- 
rales del pie, ni se inserta en la concha, sino 
que se fusiona a (origina en ?) las fibras 
longitudinales del retractor posterior, al 
igual que las otras fibras transversales ya 
descritas. Se sugiere denominarlo aqui 
“músculo aductor medio”. 

Es posible que en Tellina tenuis este fijo 
a ambas valvas, pero es dudoso, ya que 
significaría una limitación considerable a la 
accion de la musculatura pedal y como 
resultado de lo anterior, al desplazamiento 
de la masa gástrica. 


Aparato digestivo 


El curso y las características del aparato 
digestivo en Tagelus (T.) dombeii, 
semejantes al de 7. (7.) longisinuatus, se 
muestran en la Fig. 3 y coinciden a grandes 
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FIG. 10. Interior del estómago de 7. (7.) dombeii, visto desde el lado derecho. 


rasgos con la descripción general externa y 
las figuras dadas por Bloomer (1905: 80, 
1am. 10, fig. 1) y Hoffmann (1914: 522, 
1am. 12, fig. 3) para la primera especie. 

Su posición y tamano corresponden al 
modelo general de Tellinacea caracterizado 
por un esofago casi recto, tan largo como 
el estómago y un intestino parcialmente 
enrollado en su parte terminal (Fig. 3). 

La parte proximal del estomago—el 
estOmago propiamente tal—es ancha y dor- 
soventralmente aplastada, asemejandose a 
los estomagos de Gari tellinella y Tellina 
crassa descritos por Graham (1949), pero 
diferenciandose del estomago globular 
caracteristico de otros Tellinacea (Graham, 
1949; Yonge, 1949). 

Dorsalmente son conspicuos: el capu- 
chon dorsal (CD) curvado, la bolsa izqui- 


erda (BI) que divide a la mitad izquierda 
del estómago en 2 grandes lobulos y la 
bolsa curvada del area posterior de selec- 
cion (APS) en la parte posterior de la 
mitad derecha del estómago (Figs. 7-8). 
Existe además un minúsculo apéndice 
piriforme (A) en el lado derecho, a la 
altura del capuchón dorsal (Figs. 7-8, 10). 

En Tagelus (T.) dombeii el estómago es 
casi tan largo como ancho, el área poste- 
rior de selección es conspicua y el ciego 
dorsal posterior es pequeno, a diferencia de 
Т. (T.) longisinuatus en que el estomago es 
más largo que ancho, el área posterior de 
selección es menos conspicua y el ciego 
dorsal posterior es más grande (Figs. 7-8). 

La porción distal o saco del estilo (SE), 
es en ambas especies extremadamente larga 
y curvada hacia adelante. El saco del estilo 
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FIG. 6 Vista lateral izquierda del estémago en 7. (T.) dombeii. 
FIG. 7 Vista dorsal del estdmago en 7. (7.) longisinuatus. 


FIG. 8 Vista dorsal del estómago en 7. (T.) dombeii. 


FIG. 9 Vista lateral derecha del estómago en 7. (T.) dombeii. 


346 VILLARROEL Y STUARDO 


y el intestino medio se encuentran unidos a 
lo largo de casi toda la extensión del 
primero, separandose en el tercio terminal 
(Fig. 3). 

Despejada la masa de los divertículos 
digestivos y la gónada, se observan ventral- 
mente los 2 ciegos separados del saco del 
estilo por el pequeño músculo aductor 
medio (Figs. 6, 9, AM). El ciego izquierdo 
(Cil) es mas voluminoso que el derecho 
(CiD) y provisto de numerosos ductos 
(digestivos) principales; se inserta en la 
línea medio ventral del estomago. El ciego 
derecho, más pequeno que el anterior, se 
inserta lateroventralmente. 

El esófago (E) entra al estomago аптего- 
dorsalmente. Próximo a su entrada presenta 
internamente repliegues que no se extien- 
den hasta el orificio de entrada al estómago 
(Fig. 10, RE); en el hecho, su terminación 
coincide con una ligera constricción del 
esofago en ese punto. 

Internamente el estómago presenta las 
siguientes estructuras caracteristicas: 

El tiflosol menor termina en la boca del 
saco del estilo y no es visible en el interior 
del estómago. 

El tiflosol mayor (TY) emerge desde el 
saco del estilo y continúa en línea recta por 
el piso del estomago entrando en el ciego 
derecho al que recorre en U. Luego vuelve 
al estómago, se introduce en el ciego 
izquierdo recorriendolo a lo largo de su 
pared anterior y regresa en U por la pared 
posterior llegando hasta la boca del primer 
ducto principal posterior (Figs. 6, 9, 10, 
TY), donde termina. 

El surco intestinal acompaña al tiflosol 
mayor a lo largo de todo su recorrido. 

El capuchon dorsal (CD) es grande. El 
borde inferior de su orificio esta protegido 
por la parte anterior del escudo gástrico 
(EG), que en la entrada forma 2 fuertes 
dientes, uno dorsal bifido (DiD) y otro 
ventral (DiV) proyectándose luego en forma 
de una cuna curvada sobre la parte posterior 
del piso del capuchon. 

Un surco (TA) que probablemente cor- 
responde al “tracto de aceptacion” descrito 
por Purchon (1960, AT) para Donax faba 
sigue a la proyección del escudo a lo largo 
de su recorrido terminando en el ápice del 
capuchón. 

Un reborde que nace en el piso anterior 
del estomago, rodeando parcialmente la 
entrada del esofago, sube por la pared 
derecha y penetra el piso del capuchon en 


un tercio de su longitud (R) continuandose 
luego como un tracto aplanado (R’) hasta 
el apice del capuchon. 

Se observan 2 areas de selección en el 
interior del capuchón dorsal. Una de forma 
triangular (AS8: = SA8 de Purchon, 1960), 
con numerosos repliegues muy finos, esta 
situada entre el surco TA y el reborde R. 
La otra de mayor tamano y formada por 
repliegues gruesos (AS3; = SA3 de Purchon, 
1960), ocupa todo el resto del piso del 
capuchón por delante del reborde R. No es 
claro si entre este último y la zona de 
selección mencionada exista el “surco de 
rechazo”” descrito por Purchon (1960, RT) 
en Gari togata. 

La ubicación de AS3 en las 2 especies 
estudiadas es diferente a la de otras 
especies de Tellinacea descritas (Purchon, 
1960) en las que se halla sobre el techo o 
sobre el lado anterior del capuchon dorsal, 
extendiendose еп parte sobre la pared de- 
recha del estómago. 

La bolsa izquierda del estomago (Bl; 
“left pouch” de autores) recibe varios 
ductos de los divertículos digestivos que se 
abren independientemente en su techo. En 
su piso se encuentra el área de selección 
AS6 (SAS de autores) formada рог 
repliegues muy finos. 

El escudo gástrico (EG) es muy grande y 
de forma irregular (Fig. 10). Cubre gran 
parte de la pared dorsal e izquierda y una 
porción del piso del estómago. Su base toca 
el borde izquierdo de la abertura del saco 
del estilo, sigue anteriormente bordeando la 
entrada de la bolsa izquierda, a la que 
cubre, como ya se ha descrito, con las 2 
proyecciones dentiformes (DiD, DiV) con- 
tinuándose en la cuna que se curva sobre el 
piso del capuchon. Un reborde sobre- 
saliente se proyecta en su parte anterior 
(РО). 

Hay 2 áreas (de selección?) dificiles de 
precisar en relación a otras areas de selec- 
ción descritas en Tellinacea. Una muy 
larga (AS!! ?) formada por 3 о 4 re- 
pliegues ocupa la mayor parte de la pared 
derecha del estomago; la otra muy pequena 
(? = ASÍ de autores) está situada a la 
entrada del ciego dorsoposterior (CDP). 

Por detrás del orificio del saco del estilo 
hay 3 o 4 bolsillos ciegos (В) y entre el 
saco y ellos finisimos repliegues que 
podrían representar otra área de selección 
(? = AS2 de autores). 

El ciego dorsal posterior (CDP) es un 
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saco muy amplio que presenta inter- 


namente un fondo alveolar. 
Observaciones 


El estomago de una única otra especie 
de este genero, Tagelus (T.) californianus 
ha sido descrito recientemente por Pohlo 
(1973). Pese a pertenecer al mismo sub- 
genero presenta algunas notables diferencias 
que, sin embargo, pueden ser el resultado 
de identificaciones imprecisas. 

Este autor describe una extensión del 
estómago denominada “depresión” sobre el 
lado derecho posterior, menos sobresaliente 
hacia el lado que el capuchón dorsal, pero 
con una extension ventral mucho mayor; 
serviría para la acumulación temporal de 
granos de arena. Describe, ademas, un 
“apendice” que se parece a un racimo de 
uvas, ubicado posteriormente y que 
tambien contiene granos de arena. 

Es dificil identificar con precision a estas 
2 estructuras respecto de otras descritas, 
pero por su posición la “depresión” podría 
corresponder al área posterior de selección 
(APS = SAP de autores anglosajones) y el 
“apendice”” al capuchon dorsal posterior 
(CDP = PDC de los mismos). Podría tra- 
tarse solo de estructuras homologas mas 
desarrolladas en esta especie. La denomi- 
nacion de “apéndice” es tambien con- 
flictiva, ya que se ha descrito con ante- 
rioridad otro  ”“apendice”, de posicion 
anterior frente al capuchón que es muy 
pequeno y no es mencionado por Pohlo 
(1973). 

Importante de considerar es el trabajo 
de Dinamani (1967) quien estudiando la 
estructura del estomago en 36 especies de 
bivalvos que incluyen a 2 especies de 
Tellinacea propone, según la posición de la 
bolsa izquierda la diferenciación de siete 
tipos de estómagos agrupados en 3 sec- 
ciones, la última de las cuales (Eulamelli- 
branchia) es dividida en 3 grupos. Los 
Tellinacea representados por Tellina alba 
Hanley y Sanguinolaria (Soletellina) diphos 
(Gmelin) corresponden al grupo D (su fig. 
22, E3) caracterizado por un estómago en 
el cual los ductos de los diverticulos 
digestivos se abren en la mayoría de los 
casos en los ciegos derecho e izquierdo; la 
bolsa izquierda esta bien formada con 
algunas o sin aberturas de los divertículos 
digestivos. Este tipo concuerda рог 
completo con los estómagos de las especies 


aquí estudiadas, lo que permite incluir a la 
familia Solecurtidae junto a Tellinidae, 
Psammobiidae y Semelidae entre las 
familias de  Tellinacea hasta ahora 
estudiadas con un tipo similar de estomago. 

De acuerdo a la clasificacion de Purchon 
(1960) este estomago es del tipo V. 


Sistemas circulatorio, nervioso y excretor 


Estos sistemas han sido estudiados en 
detalle por Hoffmann (1914) en Tagelus 
(T.) dombeii y su descripción general 
concuerda con las caracteristicas obser- 
vadas en las 2 especies estudiadas (Fig. 3). 


CONSIDERACIONES 
FILOGENETICAS Y 
TAXONOMICAS 


Una ¡interpretacion de las relaciones 
filogeneticas más importantes en los 
Tellinacea vivientes ha sido propuesta por 
Yonge (1949: 72-73) basada en especiali- 
zaciones morfológicas y adaptativas. Segun 
el las familias Psammobiidae, Solecurtidae y 
Donacidae representan una tendencia que 
conduce a un mayor tamaño, a una forma 
generalmente cilíndrica y a vida en galerías 
principalmente verticales. La condición 
menos especializada se encontraría en Garí 
(Psammobiidae). Donax (Donacidae) habría 
evolucionado de manera muy similar a 
Gari, pero con caracteres especiales de la 
concha y sobre todo del pie con un 
músculo elevador, todo correlacionado con 
un tipo de vida en un sustrato relativamente 
firme. 

Habría, además, otra línea importante de 
especialización representada por las familias 
Tellinidae, Semelidae y  Scrobiculariidae 
caracterizada por sifones muy alargados, 
pliegues del manto, branquias mas especia- 
lizadas y aparato digestivo adaptado para 
alimentarse en fondos de deposito. 

Un aspecto muy importante desarrollado 
en la ultima decada y que complementa 
estas generalizaciones ha sido la conclusión 
de que las especies que se alimentan de 
depósitos (detritivoras) parecen ser también 
capaces de hacerlo por filtración de parti- 
culas, como lo demostraran inicialmente 
Brafield & Newell (1961) para Macoma 
balthica y como lo han corroborado otros 
autores con posterioridad (ver referencias 
en Pohlo, 1973). Es mas, algunos de ellos 
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(Stanley, 1970) son enfaticos al rechazar 
que Donacidae у Sanguinolariidae 
(incluyendo a Solecurtidae considerada aquí 
1 familia diferente), presenten especies que 
se alimentan de depósitos y que, aún 
extremos de especialización en este último 
tipo de alimentación, como los encontrados 
en especies de Tellinidae, derivan parte de 
su alimentación por filtración de partículas. 

Recientemente Pohlo (1967, 1973) ha 
reforzado la presencia de formas que se 
alimentan activa о pasivamente de partı- 
culas en suspensión, tanto en Donacidae y 
Solecurtidae, como en Tellinidae, es decir, 
en las 2 líneas evolutivas principalmente 
propuestas por Yonge (1949). De modo 
que, aún cuando debe aceptarse que hay 
Tellinacea que se han adaptado en gran 
medida para explotar los depositos organi- 
cos de los fondos que habitan, es necesario 
aceptar tambíen que pueden alimentarse 
ocasionalmente por filtración, como en las 
otras familias de este grupo cuyos represen- 
tantes se caracterizan por un tipo de alimen- 
tación basada principalmente en la filtra- 
ción de partículas en suspension. 

Aparentemente esta habría sido la forma 
de alimentación de los Tellinacea primi- 
tivos, ya sea que se hayan originado de 
filibranquiados o  eulamelibranquiados 
ancestrales (Yonge, 1949; Stasek, 1963; 
Pohlo, 1967). Asumiendo este origen las 
características morfológicas y adaptativas 
transicionales de géneros como Donax y 
Gari pueden entenderse mejor. El estudio 
reciente de Pohlo (1973) sobre Tagelus 
californianus y las conclusiones anatómicas 
de este trabajo permiten precisar mejor las 
relaciones de Таде/и$ a los 2 generos ante- 
riores por una parte y con respecto a Sole- 
curtus y los Novaculininae por otra. 

La Tabla 4 resume las caracteristicas mor- 


TABLA 4. Relaciones morfologicas conocidas en 
Solecurtidae. 


Novaculininae Solecurtinae Subfamilia 
(Novaculina, (Solecurtus) nueva? 

Sinonovacula) (Tagelus) 

Con fusidn del Con fusion del Con fusidn 


manto anterior, manto anterior del manto 
larga y posterior sold en 
músculo 


cruciforme 


Con músculo Con músculo 


cruciforme 


Sin músculo 
cruciforme 


cruciforme 


Sin elevator Sin elevator Con elevator 
pedis pedis pedis 


fológicas mas importantes de Solecurtidae 
basado parcialmente en Yonge (1949). 

De acuerdo con estas caracteristicas y 
los comentarios anteriores, las ideas de 
Yonge (1949: 72-73 y figura en la pag. 73) 
sobre el posible curso general de la evolu- 
ción en Tellinacea necesitan algunas modi- 
ficaciones. Tagelus siendo en un plan general 
menos especializado que Solecurtus y los 
Novaculininae ¡inicia dentro de los Sole- 
curtidae las caracteristicas de una linea de 
especialización que se distingue por alimen- 
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FIGS. 11-15. Caracteristicas de la musculatura 
pedal en 11: Gari tellinella (Psammobiidae) 
[Х4.5], 12: Donax vittatus (Donacidae) [X4.5], 
13: Cultellus pellucidus (Solenidae o Cultellidae) 
[Х7.5], 14: Solecurtus scopula (Solecurtidae) 
[ХЗ], y 15: Tagelus (T.) dombeii (Solecurtidae) 
[Х1.6]. Figs. 11-14 modificadas de Graham, 
1934b; 15 original. 
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tación basada principalmente en filtración 
de partículas en suspensión. Semelidae y 
Scrobiculariidae representan el extremo de 
la otra línea evolutiva, especializada en 1 
alimentación de partículas de depósito con 
formas ¡intermedias de alimentación en 
Tellinidae. 

El origen de estas 2 líneas evolutivas a 
partir de Tellinacea primitivos filtradores de 
partículas en suspensión con características 
tales como grandes branquias completas, 
palpos pequeños y tentáculos filtradores 
ha sido desarrollada en otra forma por 
Pohlo (1967: 335, fig. 5). Según este autor, 
las 2 líneas importantes de especialización 
de Tellinacea se caracterizan en 1 caso por 
las formas que se alimentan de partículas 
de deposito, con branquias pequeñas, 
demibranquia externa vuelta hacia arriba, 
palpos grandes y sin tentaculos filtradores 
y, en el otro por las que se alimentan de 
partículas en suspension con branquias 
grandes completas, palpos pequeños y 
tentáculos filtradores. 

Para explicar estos 2 tipos morfológicos 
postula formas intermedias con tipos 
opuestos, es decir, que la línea especializada 
en alimentación de partículas de deposito 
habría pasado por formas intermedias de 
Telinaceos con alimentación de partículas 
en suspensión y, viceversa, la línea especiali- 
zada en este último tipo habría pasado por 
formas que se habrían alimentado de partí- 
culas de deposito. 

Reconociendo esta incongruencia Pohlo 
(1967) sugiere una solución, postulando 
que en ambos casos esto podría haberse 
realizado por una combinación de neotenia y 
retención de caracteres ancestrales como los 
presentes en Donax. Tal interpretación nos 
parece demasiado hipotética si se considera 
que tanto caracteristicas de los distintos 
tipos de estomago como las de las asocia- 


ciones de раро y ctenidio pueden estar a - 


menudo sujetas a interpretaciones diversas, 
y sobre todo, porque su generalización en 
los Tellinacea (y en otros grupos) necesita 
basarse en estudios detallados de un mayor 
número de los taxa. 

Al estado actual del conocimiento 
alcanzado en este grupo parece más razo- 
nable suponer que la evolución de algunos 
de los caracteres de Tellinacea, especial- 
mente en Donacidae y Psammobiidae, es 
sólo el resultado de evolución en mosaico. 
En consecuencia, las 2 líneas evolutivas 
propuestas por Yonge (1949) y su especia- 


lización hacia uno u otro tipo de alimenta- 
ción puede explicarse claramente aún, de 
manera directa sin postular estados interme- 
dios. Es factible que como generalmente 
ocurre en este tipo de estudios, solo el anali- 
sis de una combinación de caracteres morfo- 
lógicos, ecológicos y etologicos permita post- 
Шаг relaciones filogeneticas mas precisas. 

Un aspecto adicional es digno de discu- 
sion. Se ha mencionado la importancia 
asignada a los caracteres morfológicos pre- 
sentes en Novaculina y Sinonovacula para 
haber creado la subfamilia Novaculininae. 
Si se consideran de importancia similar las 
diferencias encontradas entre So/ecurtus y 
Tagelus (Tabla 4) los 2 generos, por 
sus diferencias, podrían considerarse tambien 
en el rango de subfamilias. 

Para demostrar esto, sera necesario estudiar 
o reestudiar en detalle la morfología de las 
generos Azorinus y Pharus y a las múltiples 
especies asignadas al genero Tagelus. 
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LA ANATOMIA DE TAGELUS 


ABSTRACT 


OBSERVATIONS ON THE GENERAL MORPHOLOGY, 
MUSCULATURE AND DIGESTIVE APPARATUS IN 
TAGELUS (TAGELUS) DOMBEII AND 7. (T.) 
LONGISINUATUS (TELLINACEA: SOLECURTIDAE) 


María Villarroel and José Stuardo 


The description of the soft parts of Tagelus (Tagelus) dombeii, of the SW coast of 
South America, is revised on the basis of some recent findings on the anatomy of the 
Bivalvia. The comparative anatomy of this and the Mexican species 7. (T.) longisinuatus is 
described, emphasizing the general morphology, musculature and digestive system (mainly 
the stomach). 

The mantle of the 2 species does not differ except around the siphonal cavity which 
bears elongated papillae in Tagelus (T.) dombeii and papillae-like folds in 7. (7.) /ongi- 
sinuatus. The siphons support valves or membranes which occlude the proximal openings 
(Figs. 3-4, ME, MI) but differ in shape and number in the 2 species. 

The labial palps are small and the gill and palp association seems to correspond to 
type II of Stasek (1963). 

The importance of the 2 groups of muscles is emphasized: pallial and pedal. Among 
the noteworthy pallial muscles are the anterior and posterior adductors, the cruciform 
muscles, the siphonal muscles, and also on each side a muscular bundle which apparently 
supports the siphonal movements. We propose to call the latter, named ‘’mantle muscle” by 
Kellogg (1915), the “'pallio-siphonal muscle”. The siphonal retractors are better developed in 
Tagelus (T.) longisinuatus than in T. (T.) dombeii. 

Among the pedal muscles found in Tellinacea the following types are distinguished 
(Figs. 11-15): a) One pair of foot protractors (protractor pedis, PP); b) One pair of anterior 
retractors (retractor pedis, RA); с) One pair of posterior pedal retractors (RP); а) One pair 
of foot elevators lelevator pedis, EP); e) One pair of elevator-retractors (?) of the gills and 
palps. The distribution of these muscles is very similar in the 2 species but differs from that 
of the few other species of Tellinacea in which it has been described. These differences are 
part of the high morphological diversity within this group. 

The intrinsic musculature is difficult to separate from the external musculature 
proper. Among the fibers and bundles of the pedal musculature it is worth noting a set 
located between the posterior-dorsal caecum and the style sac, which represents an internal 
adductor. This adductor 1$, however, not attached to the internal wall of the valves and thus 
differs from a similar muscle described by Yonge (1949: 66) for Tellina tenuis which is 
attached to the valves. We propose to name the muscle we are describing the “medium 
adductor’ (Figs. 6, 9, AM). 

The course of the digestive tract is similar in Tagelus (T.) dombeii and Т. (T.) 
longisinuatus. The stomach corresponds to group D of Dinamani (1967) in which the ducts 
of the digestive diverticula open in most cases in the right and left caeca, and where the left 
pouch is well formed with few or no ducts opening into it. On the basis of this, it is possible 
to include the family Solecurtidae in the Tellinacea, along with the Tellinidae, Psammobiidae 
and Semelidae. According to Purchon's classification (1960), the stomach is type V. 

Regarding the phylogenetic position of the Solecurtidae, Yonge (1949: 72-73) has 
proposed 1 of the most sensible interpretations of the relationships of the living Tellinacea 
based on both morphological and funtional specializations. 

Two different lines are recognized, 1 including the Psammobiidae, Solecurtidae and 
Donacidae, the other Tellinidae and Semelidae. In the first line of specialization Gari 
presents the least specialized condition, from which 2 further sub-branches of specialization 
seem to derive. One, including Tage/us, Solecurtus and the Novaculininae, leads to larger size, 
cylindrical form and life in vertical burrows. The other, represented by Donax (somewhat 
similar to Gari), is characterized by a less elongated shell and foot with elevator muscle, 
possibly correlated with life within relatively firm substrata. All are passive, non-selective 
feeders. 

On the contrary the Tellinidae and Semelidae, adapted to feed on the bottom deposits, 
are characterized by greatly elongated siphons, mantle folds, more specialized gills and 
alimentary canal. 

In 2 studies of various species, Pohlo (1967, 1973) has concluded that in both lines 
there are suspension feeders and Stanley (1970) maintains that many deposit feeders 
apparently derive part of their food from suspension, feeding as demonstrated earlier by 
Brafield € Newell (1961) for Macoma balthica and later by various authors for different 
species. 

; While this seems now an incontrovertible fact, it still does not necessitate a modifica- 
tion of Yonge's basic conclusions (1949: 73) on the possible course of evolution within the 
Tellinacea. 
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Pohlo (1967) has also postulated that both deposit feeding and suspension feeding 
tellinaceans derived from a suspension feeding ancestor passing through an intermediate 
suspension feeding type т the first case and a deposit feeding type in the latter. It is easy to 
agree with the first trend leading from a suspension feeder to a deposit feeder, but it 1$ 
difficult to accept the postulated sequence of suspension feeder-deposit feeder-suspension 
feeder although Pohlo (1967) suggests that it might be explained (?) by a combination of 
retained primitive characteristics and neoteny. Neotenic features would be a gill and palp 
association of type Ill and the stomach of type IV, however assignation of these structures 
to one or other of the accepted types 15 often subjective, and authors do not necessarily 
agree, as in our case, regarding the gill and palp association in Tagelus. 

It is concluded that the 2 trends found in Tellinacea can still be explained as Yonge 
does, directly without postulating intermediate opposite stages, while the retention of 
primitive features in some genera might be only the natural result of mosaic evolution. 

The inclusion of the genus Tagelus within the family Solecurtidae is discussed and the 
synonymy of both species presented. 
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SYSTEMATIC REVIEW OF FOSSIL AND RECENT CREP/DULA AND 
DISCUSSION OF EVOLUTION OF THE CALYPTRAEIDAE 


K. Elaine Hoagland 


Department of Biology, Lehigh University, Bethlehem, Pennsylvania 18015, U.S.A.; 
Research Associate, The Academy of Natural Sciences of 
Philadelphia, Pennsylvania 19103, U.S. A. 


ABSTRACT 


The genus Crepidula is 1 branch of an adaptive radiation by a group of mesogastropods 
into ecological space formerly monopolized by bivalves. | present the systematics of Recent 
and fossil species, based on study of qualitative and quantitative shell characters and, if 
possible, radula and life history data. Coexamination of fossil and living material increases 
the reliability of evolutionary inferences. | define the key characters for species identification 


and understanding of evolutionary history of the group. | correlate behavioral and life 
history traits with morphology, a step which aids understanding of form, function, and 
evolution. 


| propose changes in taxonomy, including alterations in the disposition of known 
synonyms, and synonymization of 17 species. С. uncata 1$ possibly a subspecies of С. 
adunca; С. praerupta and its synonym С. ungana are possibly variants of С. princeps. | also 
formally resurrect С. marginalis, С. cymbaeformis, and С. nivea. | suggest the strong 
possibility that С. plana equals С. unguiformis, and that С. /essonii equals С. striolata, but 
these cannot be decided without anatomical comparisons. 

| point out species affinities and ecological associations, and present zoogeographic data 
over time. Evolutionary history of the family 15 given. | establish the following major points: 

The best species-level taxonomic characters are the shape of the septal margin, beak 
conformation and whorl expansion rate (correlated characters), sculpture, color patterns, 
type of larval development, and muscle scars. The last 2 have been inconsistently used by 
Crepidula workers. Ecological and morphological traits are often correlated, such as the size 
of the septum and brooding habits. Maximum adult size, degree of convexity, and 
obliqueness of the shell are valuable characters, but variable due to environmental influences. 

Genetic morphological variation (е.д., polymorphism) at the intraspecific level 15 low, 
compensated by environmentally-mediated phenotypic plasticity. This enhances the evolu- 
tionary conservatism of the genus. Capacity for plasticity is itself a trait, showing 
interspecific variation. Several species (C. fornicata, C. acu/eata) were more variable in the 
Miocene than today. 

Division of Crepidula into subgenera or sections is not warranted, except possibly for 
Siphopatella. lanacus is polyphyletic. 

There are 5 basic ecological-morphological groupings within Crepidula. Rarely are more 
than 1 species from each group found sympatrically. Sympatric species differ in life history 
strategies. There is high species diversity in the tropics; in cold temperate climates, species 
intermediate in size are absent, and there is a broadening of the niches and a higher density 
of individuals per species in those extreme forms remaining. 

In general, large species have numerous planktonic larvae, often form stacks, and occur in 
dense colonies. Small species are lecithotrophic, and do not stack. Species with planktonic 
larvae are hardly more widely distributed than nonplanktonic ones, but are superior 
colonizers over short time periods. 

Species distribution patterns over geologic time suggest that the center of evolution of 
the Calyptraeidae was the Panamic region of the late Cretaceous and early Tertiary. There 
have been no major range contractions, but several warm-water species of Crepidula have 
shifted due to changes in climate. | speculate on causes of extinction for C. princeps, the 
largest Crepidula known. 

The European region is impoverished in Calyptraeidae, whereas the Australia-New Zealand 
region is a center of speciation for Crepidula. 

Speciation is favored in organisms which brood their young and are specialized in choice 
of substrate; it is enhanced in regions with disrupted habitats. However, in species such as C. 
adunca, isolation is broken by considerable inter-deme communication and, presumably, 
selection. One might predict species change without speciation, as discussed by Wright 
(1955). 
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Modes of evolution probably differ between species with pelagic and brooded young 
because of differences in the size of the adult population, numbers of offspring, and degree 
of communication among populations. 

Most Crepidula species are generalists with respect to temperature and salinity; this has 
allowed them to be stable species in unstable environments. Those species with narrow 
geographic ranges are physiological specialists. 

| present a scheme for the evolution of the family Calyptraeidae. The main element is the 
fate of the septum (columella). The sequence of development of traits in the family was 
dependent on adaptation of the gill for filter-feeding, followed (in indeterminable order) by 
remodeling of the body for sedentary life, evolution of protandry, and acquisition of the 
ability to retain the developing young under the foot. 

| compare Crucibulum with Crepidula regarding shell morphology, ecology, distribution, 
and abundance, and point out the parallel evolution of life styles. | also compare 
Trichotropis, and conclude that it is convergent in lifestyle, not a direct ancestor to 
Crepidula. 

There are inherent difficulties in constructing a phylogenetic tree for any group of 
organisms. | present what is known of evolutionary affinities within the genus Crepidula. | 
give possible examples of parallel and convergent evolution, including the white, planar 
Crepidula species which have radiated into a habitat new for the mesogastropods: sedentary 
life inside dead shells. Another radiation is that of Crepidula species into the intertidal zone. 
(Most species are primarily subtidal.) The stacking habit and brooding are traits which are 
likely to have converged in several Crep/dula lineages. 

The ecological role of the Calyptraeidae converges on that of oysters, not gastropod 
limpets. Similarities include filter-feeding, sedentary life, partially brooded larval develop- 
ment, and cases of sequential hermaphroditism. 


INTRODUCTION 


Crepidula Lamarck (Gastropoda: Calyp- 
traeidae) is a genus of marine mesogastro- 
pods well represented in modern shallow- 
water faunas. There are at least 40 valid 
species worldwide, of which % are known 
only as fossils. The fossil history of the 
genus stems from scant records in the late 
Cretaceous (Buvignier, 1852; Seeley, 1861; 
Stoliczka, 1867; Wilckens, 1922; Shimer & 
Shrock, 1959). At least 1 representative of 
the family, Calpytraea pileolus, dates from 
the Lower Cretaceous (von lhering, 1907), 
if stratigraphic records are correct. The 
richest fossil deposits are along the coasts 
of North America and in Argentina, with 
some representation in the Mediterranean 
region and Japan. Today, species of 
Crepidula dominate many marine communi- 
ties in both biomass and in the role of 
energy cycling, when compared with other 
filter feeders present. 

This paper presents a review and revision 
of the systematics of the genus in the 
Northern Atlantic and Eastern Pacific, with 
special attention to fossil forms. | have 
treated some forms from other parts of the 
world when information was available and 
when inclusion of such information clari- 
fied understanding of the evolution and 
ecology of the genus. It is necessary to 
determine the valid species before attempt- 
ing to analyze species variation and distri- 
bution patterns in time, and to understand 


the relative ecological positions of the sev- 
eral species. Systematics of the fossil forms 
is necessarily based on shell characters. 
Systematic revision of Recent species has 
been taken as far as shell characters allow 
so that it could be fitted with the fossil 
data. However, many decisions must await 
examination of living material. This paper 
is consequently not a complete, formal 
monograph of the group, but in it | at- 
tempt to establish sound criteria for judg- 
ing species characters and assessing traits 
important in understanding evolution of 
the Calyptraeidae. 

After presentation of the species and 
their distinguishing characters, | outline the 
evolutionary history of Crepidula and its 
place within the Calyptraeidae. | show that 
the family occupies an ecological position 
close to that of the epifaunal bivalves, and 
that Crepidula has evolved phenotypic plas- 
ticity to accommodate environmental 
change. Possible examples of parallel and 
convergent evolution are illustrated at the 
species and generic levels, respectively. Zoo- 
geographic data are outlined to show pat- 
terns of expansion and contraction of spe- 
cies ranges, possibly related to world cli- 
mate and other factors. The degree of 
genetic control of morphology, along with 
correlations among morphological and be- 
havioral characters, are related to the hier- 
archy of characters | used in systematic 
analyses, and to the living habits of mem- 
bers of this ecologically unique and taxon- 
omically puzzling group of gastropods. 
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METHODS 
A. Material examined 


Fossil and Recent Crepidula species were 
examined from systematic and stratigraphic 
collections at major museums.! Locality, 
morphometric data, type of matrix, and 
qualitative shell characters were recorded 
for each lot, as well as relative abundances 
for all calyptraeids. Data on distribution of 
species were also obtained from the litera- 
ture, but because of misidentifications, er- 
rors in synonymy, and poor stratigraphic 
dating, such data often are unreliable. 
Hence information obtained in this way 
was used only if supported by illustrations 
and if the dating could be made to con- 
form with current geological thinking 
(Jenks, 1956; Congres Geologique Interna- 


tional, 1955-1967; Hazel, 1971; Akers, 
1972). 
Tertiary material from the Atlantic 


Coastal Plain, collected by R. Thomas in 
1967-1969 and C. Jones in 1969-1971 and 
deposited at the MCZ, Harvard University, 
was used for in-depth study of assemblages. 
Field notes of these collectors were valua- 
ble in determining conditions of deposition, 
preservation, and the degree to which the 
assemblages were natural and in-place. 

This work does not include some species 
restricted to Africa and the Indian Ocean. 
These species are represented in American 
museums almost exclusively by beach-worn 
shells; original descriptions and illustrations 
are unclear for several. | have not located 
the type-specimen of C. porcellana, which 
is key to the group. The African species 
not treated are listed in Table 1A. Also 
listed in Table 1A are the named fossil 
species from Japan (from Taki, 1938). 
Since Japanese workers tend to split, there 
are probably fewer valid species than indi- 
cated. Table 1B lists problematic species 
and nomina nuda. A complete worldwide 
monograph of the genus should include 
anatomical characters in order to resolve 
the problems created by similar shell 
morphologies. 


B. Measurements and statistical analysis 


TABLE 1A. African and fossil Japanese species be- 
yond the scope of this work. 


Species Author Year Locality 
(1) Africa 
adspersa Dunker 18461 Benguela 
goreensis (Gmelin) 1791 Senegal; 
Indian Ocean 
lentiginosa Sowerby 18832 5. Africa 
porcellana (Linnaeus) 1758 Senegal; 
Indian Ocean 
sulin Dautzenberg 1912 S. Africa; 
(ex Adan- Indian Ocean 
son) 


(2) Japan fossils? 


auricula Yokoyama 1924 
convexa Yokoyama 1925 
isimotoi Otuka 1934 
jimboana Yokoyama 1931 
navia Yokoyama 1925 
nidatoriensis Otuka 1934 
turugasakana Nomura & 1935 


Hatai 


1Types in Berlin Museum. 
Possible types in British Museum (Nat. Hist.). 
Full references are in Taki (1938: 145-146). 


Measurements for taxonomic study were 
taken, using calipers, as illustrated in Fig. 
1. An ocular micrometer fitted on a binoc- 
ular microscope was used for additional 
measurements on the 4 smallest species. 
The measurements include total length (L), 
greatest width (W), height perpendicular to 
the aperture (H), beak length (B), septum 
length (S) and septal area (Sa), length of 
the anterior portion of the aperture, ex- 
cluding the septum (A), and area of the 
same anterior portion (Aa), distance from 
anterior to posterior (measured by a string) 
following the curvature of the shell along 
the median dorsal line (D), and obliqueness 
of the shell (O). The areas of the septum 
(Sa) and anterior aperture (Aa) were ob- 
tained by tracing the perimeters of septum 
and aperture, and measuring the distance 
with a planimeter. Obliqueness was calcu- 
lated as the difference between the angles 
of the right and left sides of the shell, 
found by drawing lines perpendicular to 
the base of the shell and lines intersecting 
at the highest point of the shell, as seen 
from the posterior view (Fig. 1B). Convex- 
ity was calculated as D/L; it therefore 
cannot take values between 1 and 0. As a 


lAmerican: Museum of Comparative Zoology (MCZ), National Museum of Natural History (USNM), 
Academy of Natural Sciences of Philadelphia (ANSP), California Academy of Sciences, San Diego Natural 
History Museum, and the Los Angeles County Museum. European: British Museum (Natural History) 
(BM(NH)); Senckenberg Museum, Frankfurt-am-Main; Zoological Museum, Humboldt University, East 


Berlin. 


356 HOAGLAND 


TABLE 1B. Nomina dubia and nuda, including species wrongly named in other genera, for which no other 


information is presently available. 


Genus Species Author Year Locality Comments 

Crepidula altavillensis Defrance 1818 France Fossil. Type in Caen or 
Geneva. 

Crepidula atra Philippi 1851 None Type lost. 

Crepidula calyptraeiformis Deshayes 1830 Peru Fossil. Type perhaps at Ecole 
des Mines, Paris. 

Calyptraea  chiliensis Lesson 1832 Chile Recent. Type in Paris Mu- 
seum. 

Crepidula coriocella Philippi 1887 Chile Fossil. Type in Santiago, 
Chile, ifextant. Not a 
calyptraeid. 

Calyptraea crepidularis Lamarck 1802 Grignon Fossil. 

Calyptraea  depressa Lesson 1832 Chile Recent. Type in Paris Mu- 
seum. 

Crepidula holurthii “Parrey”' 2 None Sowerby, 1883: 74. 

Crepidula mytilina Philippi 1887 Chile Fossil (= C. unguiformis?). 

Calyptraea navicella Lesson 1832 Peru Recent. 

Crypta navicula Dunker, п.п.; Mörch 1877 None Recent. Type lost. 

Crepidula paranensis Borchert 1901 Argentina Miocene. 

Crepidula parisiensis Deshayes 1830 Grignon Fossil (= Ca/yptraea 
crepidularis). 

Crepidula pedum Mörch 1877 None 

Crepidula pileoides Schlotheim 1832 None Nomen nudum. 

Crepidula rugosa Anton 1839 None Fossil. 

Crepidula solea Blainville 1818 None Recent. 

Crepidula squamosa Menke 1828 Brazil Recent. 

Crypta striata Hutton 1873 New Zealand Fossil. 

Crepidula subspirata Blainville 1824 None Nomen nudum. 


convention, the “convexities”” of concave 
shells, in which D is greater than L, but the 
shell bends inwards, were assigned negative 
values. The length-to-width ratio (L/W) also 
was calculated. 

There is confusion in the literature as to 
the orientation of Crepidula shells. The 
antero-posterior axis is shown in Fig. 1. All 
references to left and right are to the 
animal’s own left and right, i.e. viewed 
from the posterior dorsal aspect of the 
shell. 

Values obtained for discrimination of 
degree of convexity ranged from concave 
(negative values), planar (1.00 to 1.15), low 
convex (1.15 to 1.25), and moderately 
convex (1.25 to 1.35), to highly convex 
(over 1.35). Obliqueness varied from equi- 
angular (0°) to highly oblique (30°). In all 
reported measurements, the sample size, 
mean, and coefficient of variation are given 
(in text and Table 2). In order to reduce 
bias of substrate upon shell shape, individu- 
als from 4 or more localities representing 
different substrates were measured for each 
species, when possible. Fossil and living 
representatives of the same species were 
analyzed separately, then compared. 

The major problem with quantified data 
in the systematics of Crepidula is the lack 
of a discernible adult stage as recorded in 


the shell. Growth continues throughout the 
lifetime of an individual, although there is 
some reduction in growth rate after sexual 
maturity. Measurements of living snails 
show that obliqueness seems not to change 
in a regular way with growth. As for 
convexity, there is some tendency for an 
increase with age, but some individuals 
flatten out as they grow, and many remain 
constant in shape. Variability within age 
classes is large. 

It is possible in some populations of a 
few species to tell if and when the change 
from male to female (final maturity) oc- 
curred because there is rapid shell growth 
with a change in slope at the time of sex 
change (see illustrations in Coe, 1942b). In 
other populations, crowding of growth lines 
at a given point in growth indicates matu- 
rity. However, these clues cannot be relied 
on in all cases to separate adult females 
from the rest of the population. For this 
reason, rigorous statistical tests between 
species cannot be applied to the means and 
coefficients of variation of the convexity 
index, which may be related to the age 
composition of the samples. 

Still, computation of convexity and 
obliqueness from the largest of available 
shells gives some assurance that adults are 
being used. Collectors tend to over-repre- 
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FIG. 1. Measurements taken to determine inter- and intraspecific variability of shell characters. The 
illustrated specimens are Crepidula fornicata. A. Right lateral view; В = beak length; H = height; L = length. 
B. Posterior view; W = width; X and Y measure the angles determining degree of asymmetry (obliqueness) 
of the shell; obliqueness = Y — X. C. Right lateral view; D = length of dorsal arch. D. Ventral view; A = 
length of anterior portion of the aperture excluding that covered by the septum; Aa = area of aperture 
excluding that covered by the septum; $ = length of septum; Sa = area of septum. 


sent adult animals in their samples. Number 
of whorls at adulthood varies with the 
species but can also be used to indicate 
maturity in shells which are not eroded at 
the apex. Real differences in convexity and 
obliqueness do exist between species; these 
are complex factors mentally integrated in 
the shell identification process by anyone 
familiar with Crepidula. The quantitative 
methods used here are an attempt to de- 
lineate them. 

Size characteristics at the species level 
are difficult to determine. As there is no 
sure way of measuring adults only, the 
sample is distorted by juvenile snails. To 
estimate maximum length of the species, 
the largest individual was measured. Means 
and standard deviations of the lengths 
among mixed age classes are meaningless 
for taxonomic evaluation. 


C. Definition of key characters 


Due to the immense morphological vari- 
ability and intergradation present in the 
Calyptraeidae, it has been a difficult group 
for taxonomists. Some workers have con- 
sidered nearly every form a different spe- 
cies (Broderip, 1835; Conrad, 1844) while 
others (Tryon, 1886; Dall, 1892) synony- 
mized the majority under a few names. 
There are, however, several clear-cut char- 
acters which are species-specific in Crepid- 
ula. They follow, and are given functional 
and evolutionary significance in Table 3. 


1. Muscle scars. A muscle scar is present 
at, or absent from, the right-hand corner of 
the septum where it joins the shell, or 
forward of it. Depth and shape of the scar 
(lunar, ovate, etc.) are also indicative of the 
species but can vary according to shell 
width and thickness (Fig. 2). Only a few 
fossil shells are so worn that this character 
is obliterated. Some “aging”” of the shell 
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TABLE 2. Summary of quantitative taxonomic data. 


Convexity Obliqueness L/W 

(mm) de A ] (no units) Ra 
Species Mean С.\.1 Меап EV: Mean CV: (mm)? 
aculeata 1.29 10.07 16 48 1.31 9.16 32.0 
aculeata spinosa (variant) 1.95 6.67 33 26 1.42 9.15 55.0 
adunca Recent 1.66 8.43 8 44 1.45 13.79 21.0 
adunca fossil Pacific 28.0 
adunca fossil Atlantic 1.62 11 1837 25.0 
convexa Recent 1.43 10.49 12 30 1.43 12.59 18.5 
convexa Miocene 24.0 
costata 1.34 11.19 9 50 1.53 3.27 43.0 
cymbaeformis 1.34 7.46 20 20 1.68 5.36 41.5 
dilatata 1.52 9.21 10 23 1.19 8.40 59.0 
diminutiva 17:0 
dorsata 1.24 11.19 12 16 1.02 12.75 26.0 
excavata 1.36 13.97 34 35 1.56 8.33 52.0 
fornicata Recent 1.54 17.53 18 54 1:42 11.97 59.0 
fornicata Miocene 1273 16.18 34 55 1.55 14.84 65.0 
gibbosa 1.20 13.33 12 19 1.29 55.81 32.0 
grandis 1.54 5.19 16 11 1.35 5.19 57.0 
immersa 1.05 1.90 2 127 1.53 9.15 42.5 
incurva 1.34 8.96 5 83 1.47 8.16 25.0 
lessonii 1.07 2.80 0.3 167 1.79 32.40 28.0 
striolata (variant?) 35.0 
lirata 1.70 8.24 32 17 1.86 11.83 50.0 
maculosa Recent 1.44 11.81 10 36 1.36 5.88 37.5 
maculosa Miocene 1.26 15.08 9 28 1.39 8.63 38.0 
marginalis 1.18 8.04 4 26 1.20 15.10 32.0 
monoxyla 1.04 6.73 0 0 1.50 8.67 33.0 

monoxyla contorta (variant) 1.42 7.75 0 0 1.78 5.62 
naticarum 1.50 4.00 13 70 173 3.47 31.0 
nivea 45.0 
norrisiarum 131 9.92 6 75 1.40 3.57 35.0 
nummaria 1.10 727 1 177 1.38 15.22 40.0 
onyx 1.41 12.06 12 30 1.55 10.32 67.0 
perforans -1.05 6.75 0.3 21 1.79 63.62 35.0 
pileum 1.30 5.38 155 
princeps 1.50 7.33 125.0 
protea 1.19 4.10 5 11 1.30 16.92 33.0 
unguiformis -1.08 0.93 3 283 1.43 24.47 38.0 

plana W. Atlantic 1.00 11.00 0 0 1.66 10.24 

cochleare (variant) 1.20 55.83 4 66 1.44 4.86 
walshi -1.08 6.48 5 89 0.79 13.92 26.0 


1Coefficient of variation. 
To nearest 0.5 mm. 


after death often makes the scar more 
visible. A muscle scar above the left side of 
the septum is occasionally present. 

In at least some species lacking a muscle 
scar (e.g., Crepidula fornicata, С. plana), a 
small secondary shell muscle extends from 
the visceral sac to the roof of the shell. 
Additionally, there is a U-shaped muscle, 
varying in degree of development, from the 
posterior rim of the foot to the rear rim of 
the septum (illustrated in Kleinsteuber, 
1913). Neither leaves permanent etching on 
the shell. There is another muscle attach- 
ment along the anterior edge of the septum 
in some species (e.g., C. fornicata) repre- 
senting remnants of the columellar muscle; 
neither of the 2 above-mentioned muscles 


appear to be derived from the columellar 
muscle. 

The usual place of insertion of the mus- 
cle attaching body to shell in coiled meso- 
gastropods is on the columella (via the 
columellar muscle). The septum of Crepid- 
ula is homologous to the columella. Migra- 
tion of the point of the muscle insertion to 
the junction of the septum and shell 
proper, or onto the shell, is a specialization 
for sedentary limpet-like existence, as is the 
derivation of new muscles for shell attach- 
ment. The presence of an insertion on 
either side of the septum as shown by the 
presence of 2 muscle scars is a 3rd solution 
to the problem of attachment of body to 
shell and substrate. 
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FIG. 2. Diagnostic features of the Crepidu/a shell. A. Lunar-shaped muscle scar; sinuate (notched) septal 
margin. (С. aculeata var. spinosa.) В. Beak excavated; chevron-shaped muscle scar; straight septal margin 
extending farther forward on the left side. (C. excavata.) C. Beak excavated; 2 small ovate muscle scars; 
septum laterally extended. (C. norrisiarum.) D. No muscle scar; sinuate septal margin. (C. nummaria.) E. 
Narrow muscle scar; septum with deep left sulcus. (С. dilatata.) Е. Rectangular muscle scar; nearly straight 
septal margin extending farther forward on the left side. (C. grandis.) G. Beak excavated; 2 faint muscle 
scars which are tear-shaped; short septum with lateral extensions. (C. adunca.) 


2. Shape of the septum. Presence or ab- 
sence of a ridge along the midline of the 
septum, the pattern of notches and curves 
in its margin, and the position of its lateral 
attachments are species-specific, although 
depth of insertion and depth of notches are 
variable (Fig. 2). In some species, the 
septum can be so deeply situated that the 
beak of the shell is excavated; that is, it 
contains a cavity ventral to the septum. 
Convexity or concavity of the septum 
(from ventral view) has been used as a 


species character, but in some specimens it 
is ambiguous. The septum is often broken 
or obscured in fossils. 


3. Size of the septum. Relative area of the 
septum versus that of the entire aperture 
differs among the species, although there is 
some variability depending on the age of 
the specimen. The septum supports the 
viscera and provides for muscle attachment. 
It divides the body into 3 parts: the foot, 
the viscera, and the head and brood cham- 
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ber regions. Propodia, or flaps extending 
anteriorly from the foot, and neck lappets 
further separate the brood area from the 
foot and the gills, respectively. 

The disk-like foot covers the area of the 
septum and no more; thus the larger the 
septum proportional to the size of the 
shell, the greater will be the area of the 
foot. Also, the deeper the septum is in- 
serted into the shell, the thicker may be 
the foot. Changes in the ratio of septal to 
apertural area in ontogeny must be distin- 
guished from differences between species, 
and must be interpreted in their own right. 


4. Beak characters. The apical portion or 
beak of the shell is a particularly useful 
key to species diagnosis (Fig. 3). It may be 
rostrate (hooked and free from the shell) 
or appressed to the shell; it may be at the 
level of, or above the shell margin. It may 
lie nearly on the antero-posterior axis, be 
inclined to the right, or coiled to form a 
complete whorl or more. In no species is 
the shell perfectly bilaterally symmetric. 
The beak region can extend beyond the 
aperture posteriorly and/or laterally, or it 
can be invisible from ventral view. Beak 
characters depend on ontogenetic changes 
in the whorl expansion rate of the shell 
and upon the degree of asymmetric growth. 
The protoconch is worn in adult specimens, 
but its size in comparison with adult size is 
of taxonomic and ecological importance. 


5. Shell sculpture. All species possess 
growth lines, and a few have costae radiat- 
ing from the apex. Ribs also are produced 
environmentally if an individual grows on a 
ribbed surface, such as a scallop. Some 
members of ribbed species produce plicate 
spines along the ribs. 


6. Color pattern. Although absent or faint 
in fossils, shell color patterns are significant 
in living species. Intensity and shading are 
not of taxonomic value. At least 1 case of 
color polymorphism exists in Crepidula (C. 
convexa), but it is not a major problem in 
species recognition. 


7. Adult size. Maximum size is species- 
specific, but individuals of several species 
will mature at a reduced size if space is 
limited. 


8. Shell shape and aperture dimensions. 


FIG. 3. Possible beak configurations in Crepidula. 
A. Coiled beak (C. aculeata var. spinosa). B. 
Rostrate beak (C. adunca). 


These features must be interpreted cau- 
tiously. Some species are always globose or 
elongate; some are invariably highly con- 
vex. Others extend over a wide range of 
shapes. Obliqueness of the shell is a reliable 
character М a mean value and range are 
taken. Experience with several populations 
of snails from diverse substrates will ac- 
quaint one with the possible shape varia- 
tion to be expected for each species. Some 
shell characters, such as convexity and 
obliqueness, are positively correlated within 
individuals (r = 0.67). The correlation coef- 
ficient for convexity versus length-width 
ratio is only 0.14. 


9. Life history characters. All Crepidula 
species are protandrous, copulate, and 
brood the young during early development. 
Some species produce a few (10'-10?) 
large eggs and retain the young until they 
develop to the crawling stage, while others 
produce many (10°-10*) small, less yolky 
eggs, and release planktotrophic larvae. Al- 
though some molluscan species may show a 
facultative ability either to release plank- 
tonic but non-feeding young, or to retain 
the larvae until a crawling stage is reached 
(Hadfield, 1972), Crepidula species do not. 

There is no variability in type of young 
within or between populations of Crepidula 
fornicata, C. convexa, C. plana, C. adunca, 
or C. onyx (those | have studied). Egg size 
and yolk content are approximately con- 
stant for a given species, with dwarfed 
individuals (those maturing at a small size 
due to a restricted substrate, such as C. 
convexa on eel grass blades) simply produc- 
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ing fewer eggs (Conklin, 1898). Hence the 
type of larva seems to be genetically fixed 
in a particular species and is a good species 
character. There 1$ variability, environ- 
mental and probably also genetic, in the 
length of time eggs are retained by the 
brooding female. |1 is not difficult to pos- 
tulate transition from one mode of larval 
development to another through evolution- 
ary time, perhaps more than once. 

The planktonic larval form is associated 
with other life history factors and morpho- 
logical traits. For example, early maturity, 
large intrinsic rate of natural increase (г), 
pelagic young, and large adult size tend to 
evolve as a functional unit in Crepidula. 
Therefore, the type of larva is a more 
valuable character than it would be if it 
were independent. Patterns of mortality, 
birth rates, and other quantitative life his- 
tory characters differ among the species, 
but data are available for only a few. The 
type of larval development is used here as a 
taxonomic character because it is easily 
scored and is known for a large number of 
species, and symbolizes a particular repro- 
ductive pattern. 


10. Stacking. Some species facultatively 
form large stacks that are permanent during 
the lifetime of the individuals using each 
other as a substrate. Others form only 
temporary mating clusters of 2 or 3 indi- 
viduals. Some fossils buried in place reveal 
the stacking habit, although absence of 
preserved stacks does not prove that a 
given fossil species could not form them. 
Species capable of stacking are found to be 
very concentrated in fossil beds—often such 
areas have been called Crepidula beds by 
paleontologists (Dall, 1910). 


11. Anatomy. Details of internal anatomy 
are, of course, impossible to obtain for the 
fossils, and comparative anatomical work 
on this genus has thus far been superficial 
(Heath, 1916; Moritz, 1938, 1939; Ishiki, 
1939; Coe, 1942a; Werner & Grell, 1950; 
Werner, 1951, 1955). The anatomical pa- 
pers unfortunately do not reveal clear spe- 
cies-specific differences. Gray (1857) and 
Parodiz (1939) are among the few to give 
sketches of radular teeth, and to show 
some variation in cusp arrangement which 
is of taxonomic value. However, intraspe- 
cific variation is a complicating factor, and 
the teeth are quite similar in some species. 


| discuss the radulae of those species whose 
bodies were available to me. 


12. Periostracum. All species form a perio- 
stracum, although it is often worn away 
almost as fast as shell material is consoli- 
dated under it. Smith (1946) used this 
character to distinguish species. A few spe- 
cies have characteristically thick, shaggy 
periostracums while most have delicate 
ones. Color and the appearance of shaggi- 
ness of the periostracum are influenced by 
algal growth. Fossil shells have no indica- 
tion of this trait. 


D. Arrangement of species and species 
variants in the following pages 


Within a few species of Crepidula are 
specimens consistently different from the 
common type, albeit in minor features. In 
some cases, for instance in С. convexa, 
there are forms originally named as sepa- 
rate species, but which merely take their 
peculiar shape from a particular substrate. 
These | designate ecophenotypes or sub- 
strate forms, without attaching a scientific 
name. 

However, especially with fossils, one 
often cannot be certain if small but consis- 
tent differences are due to the genotype or 
strictly to environment. Such aberrant 
forms, in which geographical and genetic 
relationship to the common form are un- 
clear, have at times been called subspecies 
or even have been elevated to full species 
rank. But the term “subspecies” implies a 
degree of genetic and geographic isolation. 
Frequently in the malacological literature, 
the forms in question are called ‘varieties’’ 
or “variants,'” terms without formal taxon- 
omic standing but assigned a scientific 
name, e.g. Crepidula aculeata var. spinosa. 
The structure of a trinomial is somewhat 
cumbersome, but at least the information 
inherent in the name is not lost. These 
deviant forms are of ecological importance, 
and further information could clarify their 
relationship to the stock from which they 
appear to be derived. In this paper, | use 
the term “variant”” to describe forms which 
are either subspecies or ecophenotypes, but 
for which insufficient data are available to 
decide the question. If the variant is al- 
ready known by a scientific name, | use it 
descriptively. 

The species descriptions are arranged 
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alphabetically, except for species groups so 
designated by headings in the text. These 
are the Crepidula adunca group, the C. 
unguiformis group including С. plana, and 
the Pacific white planar Crepidula species, 
which for comparative purposes | treat as 
units. | give the number of specimens ex- 
amined at the end of each species descrip- 
tion. Specific lot numbers and localities of 
illustrated specimens are available on re- 
quest. 

A question mark beginning an entry in a 
synonymy indicates that | have not been 
able personally to confirm another person's 
judgment as to the placement of the spe- 
cies name in synonymy, and that | am not 
sure that М is correct. Similarly, a question 
mark beginning a listing of a species range 
and geologic period indicates that | have 
reason to doubt another worker's data. 


TAXONOMY 


Genus Crepidula Lamarck 
Crepidula Lamarck, 1799: 78. 
Crepidula Lamarck. Dall, 1909a: 82. 
Type-species by monotypy: Patella for- 
nicata Linnaeus, 1758. 
Range: Late Cretaceous; Eocene to 
Recent. Worldwide but especially т 
the Americas. 


Description: 


Shell limpet-like, growing from a poste- 
rior apex or “beak' in a rapidly expand- 
ing, asymmetrical whorl, terminating in a 
wide aperture. Dorsal midline of the shell 
follows a right spiral (Fig. 4). Aperture 
occupies nearly the length of the shell. 
Columella modified into an internal septum 
extending across the posterior half of the 
shell. Disk-like foot ventral to the septum; 
visceral mass above it. Head small; gill area 
large, used for filter-feeding. A pair of 
propodia extends anteriorly from the foot 
and, along with neck lappets, supports the 
young during brooding. Shape of the shell 
highly variable within a species as it is 
modified to fit against a hard substrate. 


Remarks: 


Dall (1909a) gives a complete synonymy 
of the genus. Thiele (1929) lists subgeneric 


names with authors and dates. There is no 
current controversy over the genus name or 
what species should be placed under it, 
except for members of the subgenus Crepi- 
patella which are similar to Crucibulum. 
Some authors have broken the genus into 
“sections”; | discuss the biological impor- 
tance of such designations after the species 
are set forth. The few species intermediate 
in shell characters between Crepidula and 
Crucibulum | place with Crepidula. 

The family name Calyptraeidae has been 
used in all major references since Blainville 
(1824); for example, see Thiele (1929), 
Wenz (1940: 899), Abbott (1954), and 
Cox in the Treatise on Invertebrate Paleon- 
tology (1960: 87, 94, 122). Abbott (1974), 
however, used Crepidulidae on the basis of 
Fleming (1822: 494). | suggest retaining 
the commonly-used family name for no- 
menclatural stability. Also, some authors 
have used “Crepidulidae”” to refer only to 
the genus Crepidula (e.g., Grant & Gale, 
1931). A change in the family name would 
cause confusion particularly in the ecologi- 
cal literature, where a reference to ‘‘Crepid- 
ulidae’’ would become ambiguous. 

Shimer & Shrock (1959) record Crepid- 
ula from the Cretaceous but without spe- 
cific documentation. | have seen no Cre- 
taceous specimens, but the illustrations of 
internal molds from St. Croix by Buvignier 
(1852) are most convincing, as are internal 
molds from New Zealand (Wilckens, 1922). 
Dating of the St. Croix locality is suspect. 
Material from the Eocene is not uncom- 
mon. 
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FIG. 4. Spiral growth pattern of Crepidula forni- 
cata, showing the position of the median dorsal 
line and several growth stoppages. 
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KEY TO THE SPECIES TREATED possibly are polyphyletic. Attempts to key 
out shell specimens of the planar Crepidula 
The following is a dichotomous key species will be difficult; several individuals 
intended to aid in identification of the of a population must be used. Egg capsule 
species treated in this paper, with the ex- and geographical data help identification in 
ception of Cretaceous and Australo-New some cases, but transport of specimens by 
Zealand fossils. It does not represent evolu- man and wide natural geographic ranges 
tionary pathways within the group, since make identification of species on the basis 
features such as muscle scars and sculpture of geography risky. 
1 Muscle ва present A A Me ae ee Pe 2 
Bb) Muscle scan absent линии. RR ee td 19 
Ala AA so N ee en <) 
BiaRadıall!seulpturenabsentniz .Г. 18. Penson Pes uta. DINOS NIE MENT 0 8 
в ЕЕ MA СТеК cafe ade CRM E dei o 2 4 
DiaRadial,nıbsssmoothrs. 5. АМТ LM NAO A Y Мол. MANE. 16. ASS À 5 
Sa) Shell thin length less.than 4O'mm’ 12390 E Na UP E C. aculeata 
b) Shell thick, massive, length more than 40 mm ....... С. aculeata var. spinosa 
IAS midelÿ Space’ iplicdte. e a o A E 6 
BIRDS tines nouplicatersblo! has Mato. Sid IO NL Asi. Uae, 16, ПУ. Y 
а NO MUSCLE SCANS cane c+ aros a МИ, Ноа «APS tte IE ег C. costata 
DINSOale tambe muscle SCAM. mr à 2 ны A IA ERS BREE MAC SER. C. lirata 
Ttsleaeshellssuntacermalleated Asa once. C. youngi 
b)EShellzsurface non-malleated mir... „ПОГ IMPAGA PIB ee S.à C. incurva 
CA) A) ИЕ Scars o daa a e aa ea a o a Ge eee 9 
b)70ñne-musele secar. ¿204% пани. „Пора, изза ася iy SANTE A 13 
Е Пе sis ane A GE Que о. Им Е С. monoxyla 
DIE Shell»Bigmentedi «+. 44-20 ass ХТ HEFTE ICAO, обр. AA 10 
10 (9) a) Beak highly rostrate and far above shell margin .................... 11 
b) Beak weakly rostrate and curved down near shell margin ............. 12 
Ola ao hell tan toydark brownasmootn ...<.. Am. Meds. a a ees C. adunca 
b) Shell yellow, crenulated at the margin ............. C. adunca var. uncata 
12 (10) a) Septum covers less than % the aperture; sides not produced. Left muscle 
ОА У ПОМ M". 2. rr aa C. naticarum 
b) Septum covers more than % the aperture; sides produced, with 
E SCT a RA Ее С. norrisiarum 
EA A ВЫ he Иа С. immersa 
A A TIA SN TR RT TO 14 
14 (13) a) Septal margin deeply notched at left side ................... C. dilatata 
b) Septal margin not deeply notched at left side ..................... 15 
15 (14) a) Beak highly coiled laterally; shell massive ........................ 16 
b) Beak slightly inclined; adult shell not massive ..................... 17. 
16,2615); a) ‘Shell’ elongate: (L/W1.4:o0r.more); fossilvonly, 2. 26 jc nye le C. princeps 
bhiShelssubereuiar (lovilessuthanm, 1:4), т. o E IS se lea de moe? C. grandis 
le KS) dk aromehuhighivaobliquesz:. 0. - <a A Leet. DX. де „BER ЗЕЕ C. excavata 
b) "Growth nearly symmetrical * 2. . LOC AO baw Posie A... 18 
18 (17) a) Beak free from shell; adult shell less than 24 mm long ......... C. convexa 
b) Beak appressed to shell; adults usually more than 24 mm long .... С. maculosa 
TRANS) Shellihiahly;convexz.ID/E > 1.25) een: ae ee tei er oe 20 
IS help land On IOWICHNIVER is e eee eee) ete ac: еее 22 
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20) (19): :a)»Beak- non:rostraten nat ADT ACASO EEE 21 
b)=Beakshösträte;.fossilsonlyArewr- - ar AR EEE C. cymbaeformis 
21 (20) a) Shell interior pale tan or white; mantle border white .......... C. fornicata 
b) Shell interior chocolate brown or purple; mantle border striped ..... C. onyx 
22 (19). а) Shell low convex (D/L=1.20), . Tarso E SR ИЯ 23 
b) “Shell. planar_or, concave, (D/L< 1.10), as ts A 27 
23:22)" ale Deep'septalrsulcus ter ee. …. DIOR ER TES ITA ARA 24 
b) Shallow:septalinotchna ово Ya. ¿URETA Бо DEE HOLD IB OA 25 
24 (23) a) Sulcus U-shaped, not extending along an entire shell wall ........ C. protea 
b) Septum, free along 1 entire Wall... «e str DE C. dorsata 
25.:(23).a)-Shellswhitesto; tan,color uniform ¿42426 0 A C. gibbosa 
b) Shell brown:or purple, withidark rays. =". E 26 
26 (25) a) Septum shallowly inserted, notched at 1 side .............. C. marginalis 
b) Septum deeply inserted, notched weakly at the center ....... C. aplysioides 
27 (22) a). Shell streaked: with brown lines. or irays. u. EAT 28 
b) ¡Sell white... as обе. sao irás tanta at E <i. бов 29 
28427) sa) Shellifoliated 0.0% 2 FRY. au SVT PORE YR EEE C. lessonii 
Бу Shellsinot foliated? 2.20... 2... ee С. striolata (possibly a var. of /essonii) 
29 (27) a) Septum free from left side of shell and folded on itself .............. 30 
b) Septum notched at left margin, not folded, . "2. 31 
30-4(29)50) Apex nearshell margin: o... C. walshi 
b), Apex-subcentral iso. 44. ...00 IA STE а C. chinensis 
31 (29а) Periostracum heavy, brown... ........ Зо sah ae. O нЕ 32 
b) Periostracum paper-thin, Ta ......... es wee © ce e ira о 39 
32 (31) а) Larvae planktonic; protoconch small, with riblets.. o se a A С. nivea 
b)„Larvae. brooded: protoconch large, smooth criar lage C. nummaria 
33 (31)Ta) "Earvae planktonic; protoconch tiny Far IE Bee С. unguiformis 
b) Larvae brooded:; protoconch, large”. RE CRE E C. perforans 
SPECIES DESCRIPTIONS WITH С. foliacea Broderip, 1834: 38; 1835: 
NOTES ON RANGES AND 202, pl. 28, fig. 9 (Arica, Peru 
TAXONOMIC PROBLEMS [Chile] ). Holotype: BM(NH) 1966633 

[syn. nov.]. 
Calyptraea echinus Broderip, 1834: 39; 
Crepidula aculeata (Gmelin) 1835: 203.29, fig-ATMEURRS 
Island, Peru). 

Patella aculeata Gmelin, 1791: 3693 C. hystrix Broderip, 1834: 39; 1835: 
(middle American islands [Caribbean 203, pl. 29, fig. 2 (Lobos Island, 
Sea]). Peru). Syntypes: BM(NH) 1966629. 

Crepidula aculeata (Gmelin). Lamarck, Crepidula costata Sowerby. Menke, 
1822: 25. 1847: 183 (Mazatlan). Non C. costata 

C. intorta (Linnaeus) var. Say, 1822: 227 Sowerby, 1824, nec C. costata Morton 
(southern Coast U.S. [Atlantic] ). 1829, nec C. costata Deshayes, 1830. 

С. tomentosa Quoy 8 Gaimard, С. californica Tryon, 1886 (ex Nutt. 
1832-33: 419, pl. 72, figs. 1-6 (New ms., Warrington Mus.): 112, 129 (Cal- 
Holland, Western Port and Jervis Bay, ifornia). 

Cape Dromadaire) [syn. nov.]. С. aculeata (Gmelin). Carpenter, 1857a: 

C. maculata Quoy & Gaimard, 1832-33: 268; Brann, 1966, tablets 1321-1352. 


422, pl. 72, figs. 7-9 (New Zealand) C. gravispinosa Kuroda & Habe, 1950: 
[syn. nov.]. 30 (Japan) [syn. nov.]. 
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Distribution: 
Atlantic 


Miocene: S Florida to Maryland 

Pliocene: Florida to Virginia (Waccamaw 
and possibly Duplin Formations) 
[Hazel, 1971] 


Early 

Pleist.: Florida (Caloosahatchee and part 
of Waccamaw Formations [Akers, 
1972] ) 

Pacific 

Tertiary: Kanagawa, Tiba, Zyoban (Japan) 

Miocene: S California (1 specimen) 

Pliocene: San Diego to Los Angeles, Cali- 
fornia; Pampian deposits, Argen- 
tina (von Ihering, 1907) 

Early 

Pleist.: Post-Pampian deposits, Argentina; 
Chile N to Los Angeles 

Recent: Nearly worldwide in tropics and 
subtropics (34°N-34°S; Keen, 
1937), including Southeastern 
U.S., Caribbean Sea, Peru, Chile, 
Southern California, Hawaii, 
Japan, New Zealand, Southern 
Africa. 

Description: 

Shell: thin; convexity: 1.29; oblique- 


ness: 16°; aperture circular to ovate; L/W: 
1.31 (n = 50). Beak: small, appressed to 
adult portion of shell near the margin, not 
excavated; does not extend far beyond the 
aperture. Degree of coiling variable, but at 
least 1 full post-larval whorl. Septum: 
very shallow, thin, concave, creased along 
the midline, covering less than Y the aper- 
ture, notched on the left side and at the 
center of the margin. Muscle scar: small, 
lunar, deeply impressed, at the right ante- 
rior intersection of septum and shell. Sculp- 
ture: rows of ribs, some with plicate spines, 
following the spiral path of shell growth; 
spine development variable. She// color: 
white with brown spots or rays, or a 
uniform tan. Life history: eggs large; no 
pelagic larval stage (Ishiki, 1936). Prefers 
rock substrate; stacks are not formed. In- 
tertidal to offshore. L. max.: 32 mm. Over 
200 Recent and fossil specimens, over 50 
localities. 


Remarks: 


The numerous synonyms reflect the 
wide geographical range and variability of 
Crepidula aculeata. С. tomentosa was a 
specimen nearly devoid of spines. C. 
echinus and C. hystrix represent variations 
of spinal development in Peruvian forms. 
The Japanese С. gravispinosa is indistin- 
guishable from C. aculeata; the former was 
named in a brief note by Kuroda & Habe 
with a referral to an earlier description of 
C. aculeata by Kuroda (1947, species No. 
3239). Menke’s C. costata is a Pacific va- 
riety. Say (1822) incorrectly named a spec- 
imen of C. aculeata as a variety of “C. 
intorta,”” which was really Patella intorta 
Wood (1818: 179) of England. The Cali- 
fornia shell is small, with weak spines. 

Crepidula aculeata is more obviously 
coiled than most Crepidula species. It is 
abundant in warm waters, both in Recent 
times and as fossils. Considering its wide- 
spread yet disjunct distribution, and non- 
planktonic development, it is surprising 
that there are not more differences from 
population to population than are evi- 
denced by shell characters. 


Crepidula aculeata var. spinosa Conrad Fig. 5 


C. costata Morton, 1829: 115, pl. 7, figs. 
2-3 (St. Mary's County, Maryland; 
Tertiary). Non C. costata Sowerby, 
1824, nec C. costata Deshayes, 1830. 

С. spinosa Conrad, 1843: 307 (James 
River, Virginia; Miocene). Syntypes: 
ANSP 15344. 

C. ponderosa H. C. Lea, 1846: 249, pl. 
35, fig. 40 (Petersburg, Virginia; Ter- 
tiary) [syn. nov.]. 

C. spinosa Conrad. Tuomey € Holmes, 
1857: pl. 25, fig. 10: 

С. costata Morton. Tuomey & Holmes, 
1857-725 Tg: 


Distribution: 


Florida to Maryland; ?Nantucket 
(museum labels); especially 
Yorktown Formation 

L. Pliocene: Florida to Maryland (Chocta-’ 
whatchee, Duplin Formations) 


Miocene: 


Description (points differing from the 
common form of C. aculeata): 
Shell: thick, globose, highly convex 


(convexity: 1.95). Obliqueness: 33°; aper- 


366 HOAGLAND 


ture ovate; L/W: 1.42 (n = 30). Beak: 
coiled and upturned, appressed to the right 
side of the shell above the margin; early 
whorl visible posteriorly and laterally from 
ventral view. L. max.: 55 mm. Over 100 
specimens, 12 localities. 


Remarks: 


This may be a large growth form of C. 
aculeata, as first suggested by Dall 
(1892: 357). Its distribution is nearly con- 
tained within that of the common form of 
С. aculeata and there are indeed intergrada- 
tions in size and other characters from 
small С. aculeata to massive variants in 
single samples from the Yorktown Miocene. 
The Miocene is known for its giant races of 
mollusks and other invertebrates. Char- 
acters which differ from those of the com- 
mon form, the deeper and proportionally 
larger muscle scar, thicker shell, and more 
massive and more coiled beak, are all likely 
to be due to large size. There are no 
comparably large Recent populations of C. 
aculeata. 

C. costata Sowerby (1824) is a distinct 
modern species from New Zealand. There- 
fore, if the fossil form were to be given 
species status, it must be named C. spinosa, 
because C. costata Morton (1829) is pre- 
occupied. A subspecific rank for this fossil 
is not satisfactory, since we cannot distin- 
guish between 4 possibilities: (1) all C. 
aculeata of the Miocene had the potential 
to grow to this large size; (2) there were 
genetic variants in some populations; (3) 
particular environmental conditions in some 
localities allowed this kind of growth; or 
(4) there existed truly allopatric popula- 
tions, some of which attained this size and 


others of which did not. 

The Miocene variants are thick as well as 
large. Perhaps they were able to deposit 
calcium carbonate more efficiently than 
Recent Crepidula species, and they greatly 
increased shell thickness once adulthood 
was reached. No massive specimens below 
20 mm in length have been found. What- 
ever the cause of large size, it was operat- 
ing on unrelated groups of organisms dur- 
ing the Miocene. It was therefore environ- 
mental, or such a strong selective force 
existed that the genomes of diverse organ- 
isms were affected in the same way. 

H.C.¡Lea's type specimen and description 
for C. ponderosa match the massive C. 
aculeata var. spinosa, but some of the 
specimens so labeled at USNM and ANSP 
are actually С. fornicata. С. spinosa was 
originally named for spinous variants, but 
these intergrade with the non-spinous form. 
Crepidula adunca Sowerby Figs. 6-8 
Eastern Pacific: 

C. adunca Sowerby, 1825: Append. p. 
7 (no locality). Holotype in 
BM(NH). 

C. solida Hinds, 1844: 53, pl. 16, figs. 
7-8 (Bodegas, California). 

C. rostriformis Gould, 1846: 160 
(Straits of [Juan] de Fuca, Oregon 
[Washington]). Holotype: USNM 
5872. Ideotypes: MCZ 169345 (Santa 
Barbara, California); fide Johnson 
(1964). 

C. uncata Menke, 1847: 184 (Panama; 
Mazatlan). Type lost. [Subspecies?] . 

Garnotia solida (Hinds). Gray, 1857: 117. 

Crypta rostralis Conrad, 1865: 151 (As- 
toria, Oregon; Tertiary) [suggested by 


И аа 


FIG. 5. Crepidula aculeata маг. spinosa from Virginia and Carolina Miocene, 4 views; a) dorsal, L = 
36.1 mm; b) lateral, L = 41.0 mm; с) ventral, same specimen; d) dorsal, L = 35.8 тт; note irregular 
placement of spines; e) anterior, L = 41.0 mm; note plicate form of spines; f) lateral, L = 41.0 mm; note 


height of spines. 


FIG.6. С. adunca form (subspecies?) uncata, from Baja California, 3 views; a) dorsal, L = 15.5 mm; b) 
ventral, same specimen; muscle scars are accentuated with ink dots; c) lateral, same specimen; note ridges 


formed by growth on a ribbed shell. 


FIG. 7. С. adunca from Monterey, California, 4 views; a) dorsal, L = 18.0 mm; b) ventral, same specimen; 
c) lateral, male and female pair; L of female = 18.1 mm; d) posterior, showing apex; same specimen as a and 
b. 


FIG.8. С. adunca from Virginia Miocene (originally named С. cornucopiae), 3 views; a) dorsal, L = 
10.7 тт; b) ventral, same specimen; с) lateral, same specimen. 


FIG.9. С. cymbaeformis from Virginia Miocene, 3 views; a) dorsal, L = 41.5 mm; b) lateral, same 
specimen; с) ventral, same specimen; the shell is filled with hard matrix. 
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Dall, 1892: 358]. USNM 
110447. 

Crepidula aeola Dall, 1927: 2 (near Car- 
tagena, ‘‘Columbia’’) [= С. uncata] . 

С. adunca Sowerby. Grant & Gale, 1931: 


791% 


Holotype: 


Distribution: 

?Eocene: Oregon (Conrad, 1866; dating 
may be in error) 

Miocene: San Diego to Washington (San 
Pablo, Astoria Formations) 

Pliocene: San Diego to N California (Etche- 
goin, Santa Barbara Formations) 


Pleist.: N Baja California to Los Angeles, 
California (San Pedro, Palos Ver- 
des, and Saugus Formations) 

Recent: San Diego to Vancouver Is.; а few 


specimens from Santo Tomas, 
Baja Calif. (San Felipe, Baja Cali- 
fornia, to Panama = С. uncata) 


Western Atlantic probable synonyms: 

Crepidula cornucopiae H. C. Lea 1846: 
250, pl. 35, fig. 41 (Petersburg, Vir- 
ginia; Tertiary). 

C. rostrata Conrad, 1871: 77 (Virginia; 
Miocene) [syn. nov.]. Syntypes: ANSP 
15323. Non C. rostrata C. B. Adams, 
1852. 

C. aesop Dall, 1903: 1610, pl. 55, figs. 
6-7 (Shell Creek Pliocene, Florida) 


[syn. nov.]. Holotype: USNM 3300. 
Distribution: 
Miocene: N Carolina to Maryland (Dup- 


lin; Yorktown Formations) 
Florida to Virginia (including 
later stages of Duplin and 
Yorktown Formations) 

Early Pleist.: Florida to N Carolina (Wac- 
camaw Formation) 

Nantucket (may be from Mio- 
cene material, reworked) 


Pliocene: 


?Pleist.: 


Description: 


Shell: small, thin, cap-shaped. Convexity: 
1.66 (Atlantic fossil form: 1.62); oblique- 
ness: 8° (Atlantic fossil: 11°); L/W: 1.45 
(Atlantic fossil: 1.37). Aperture subeircular 
(Recent, n = 50; Atlantic fossil, n = 22). 
Beak: nearly bilaterally symmetrical, ros- 
trate, free from and well above the shell 
margin, hooked, usually excavated; extends 


behind the aperture. Septum: deeply in- 
serted, planar to convex, short, covering 
about % of the aperture; margin nearly 
straight, arching forward along both sides of 
the shell (Fig. 2G); white calluses along sides 
of septum. Muscle scar: small, tear-shaped, 
extending in front of the right side of the 
septum; a faint scar can also be visible on the 
left side. Sculpture: none except growth 
lines; C. uncata is crenulated, but from 
growth on Calliostoma. Color: outside yel- 
low to dark brown; darker brown inside; 
septum white. Life history: no planktonic 
larval stage; large (0.41 mm diameter) yolky 
eggs (Coe, 1949). L. max. (Recent): 21 mm; 
L. max. (fossil—Pacific): 28 mm. L. max. 
(fossil—Atlantic): 25 mm. Recent: over 200 
specimens, 38 localities. Pacific fossil: 20 
specimens, 3 localities. Atlantic fossil: 30 
specimens, 4 localities. 


Remarks: 


This species is highly variable throughout 
its range, but each population is rather 
uniform. This has led to the naming of 
numerous species. Because C. adunca has no 
planktonic larval stage and often inhabits 
small bays, living on intertidal gastropods or 
subtidal stones, populations do differ one 
from another in color and form. С. adunca 1$ 
the ecological equivalent of C. convexa of 
the Western Atlantic. 

Fossil specimens are slightly larger than 
Recent ones. С. cornucopiae, the relatively 
rare Western Atlantic fossil, is similar enough 
to be referred to С. adunca, although it 15 
slightly larger. Its synonyms include С. 
rostrata Conrad and C. aesop, some of which 
have ribs caused by growth on a ribbed shell. 
Thus C. adunca or closely allied forms 
ranged on both sides of present-day Panama 
during the Miocene, but later became extinct 
on the Atlantic side. Shell measurements for 
C. cornucopiae and C. adunca are not 
significantly different. 

The fossil named Crypta rostralis is a 
large form, and although Moore (1963) and 
others have considered it synonymous with 
C. praerupta, its rostrate beak and septal 
conformation place it with C. adunca. The 
description given of it by Addicott 
(1970: 65) would serve equally well for C. 
adunca, but he erroneously states that the 
septum of C. adunca covers nearly Y the 
aperture and he separates it from С. rostralis 
on this basis. The type-specimen of C. 
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rostralis is definitely referable to С. adunca. 
Variable features among fossil C. adunca are 
the degree of beak coiling and the angles of 
the sides of the shell with the apertural 
plane. 

С. adunca 1$ usually dark brown, with 
white calluses anterior to the septum. It is 
most abundant at Monterey, California, but 
ranges widely. Some populations show color 
polymorphism, with tan and brown forms 
living together. С. rostriformis is an obvious 
synonym of C. adunca. The type of C. solida 
is an irregularly-shaped specimen dredged in 
10 fathoms. 

The Panamanian specimens named C. 
rostrata by C. B. Adams (1852: 235; para- 
type MCZ 186296) in some respects are 
intermediate between С. adunca and С. 
incurva. They are laterally compressed with 
straight septal margins and rough exteriors. 
The single muscle scar is very faint. lts 
systematic position will be resolved when 
more specimens are available. 

The subspeeies(?) named С. uncata from 
Western Mexico and Panama, usually living 
on Calliostoma, is an isolated offshoot of C. 
adunca, perhaps a good species. lts beak 15 
very small and the shell is highly inflated; 
the color is yellow. These individuals possess 
ribs or crenulations from growth on Cal/lio- 
stoma. 

Moritz (1938, 1939) has examined C. 
adunca anatomically and embryologically, 
and found that the veliger lacks the apical 
organ near the cerebral commissure found in 
C. fornicata by Conklin (1897: 111). 


Crepidula aplysioides Reeve 


C. aplysioides Reeve, 1859: pl. 4, fig. 19 
(Rio de Janeiro). 


Distribution: 


Recent: Rio de Janeiro, Brasil and Argen- 
tina; possibly N to Grenada (Hog 
Island; Point Saline). 


Description (from Reeve): 


Shell: small to moderate-sized, subcon- 
vex, obliqueness about the same as in С. 
fornicata; L/W: 1.26. Aperture elliptical. 
Beak: blunt, turned to the right and ap- 
pressed to the shell margin (subrostrate); not 
excavated. Septum: notched at the center, 
covers half the aperture; opaque white. 


Muscle scar: absent. Sculpture: growth lines 
only. Shell color: reddish brown with ob- 
scure dark rays. Life history: unknown. 
Grenada specimens live below the tide line 
(0.3-16 т) and do not form stacks. L.: 
21.5 mm (specimen illustrated in Reeve). 


Remarks: 


| could not find Reeve's type of С. 
aplysioides in the British Museum (Nat. 
Hist.). 

On the island of Grenada, British West 
Indies, there are 1 or possibly 2 species of 
Crepidula which have been misidentified as 
C. convexa or C. fornicata in museum 
collections. They are intermediate in size 
between the 2, and differ in shape of the 
septum. Specimens taken from Strombus 
gigas opercula match the pigmentation and 
convexity described for С. aplysioides, and 
match the color of the opercula. Specimens 
from rocks, however, are darker to match 
the rocks and more convex, virtually identi- 
cal with Reeve’s illustration of C. hepatica 
Deshayes, 1830, from the Cuming collection 
(locality unknown). All other shell features 
in the 2 forms are similar. Some shells which 
began life liver-colored change to the lighter 
color. On the dark shells, dark rays are 
visible at the shell margin. Hence the 2 could 
be color morphs of 1 species, very likely that 
named C. aplysioides by Reeve. Whether the 
color differences represent sibling species, 
genetic polymorphism, or are environment- 
ally mediated, is not known. The result 1$ a 
matching of the Crepidula to its substrate 
color. 

Not enough is known about the geo- 
graphic range and biology of С. ap/ysioides 
to place it in the tables which follow. 
However, Parodiz (1939) illustrates the 
radula, though he calls it C. onyx. 


Crepidula convexa Say 


C. convexa Say, 1822: 227 (Eastern coast 
of the United States). Type lost. 

C. glauca Say, 1822: 226 (Eastern coast 
of the United States). Type lost. 

С. acuta H. С. Lea, 1842: 108, pl. 1, fig. 
4 (Delaware Bay). 

С. convexa Say. Мег & Smith, 1874: 
650, pl. 23, fig. 128. 

2С. navicula Mörch, 1877 (ex Dunker 
Ms.): 105 (St. Martin; St. Thomas). 
Type lost. 
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Distribution: 


Miocene: S North Carolina to Nantucket, 


Massachusetts (including early 
stages of Yorktown, Duplin For- 
mations) 


Pliocene: N Florida to Virginia (including 
later stages of Yorktown and Dup- 
lin Formations) 

Waccamaw, Caloosahatchee For- 
mations, Florida to New Jersey; 
Sankoty Head, Massachusetts 

E Florida to Nova Scotia; West 
Indies at least to Puerto Rico 
(Abbott, 1954 and museum la- 
bels). Introduced: San Francisco, 
California. 


Pleist.: 


Recent: 


Description: 


Shell: small, thin; convexity: 1.43; 
obliqueness: 12°; aperture ovate; L/W: 1.43. 
Measurements of fossils not significantly 
different except obliqueness: 15” (п = 50). 
Beak: slightly inclined to the right, free from 
the margin but level with it, rarely exca- 
vated, does not extend far beyond the 
aperture. Septum: deeply inserted, planar or 
slightly convex, ridged along the midline, 
left side extending farther forward than right 
side, margin straight; covers less than Y the 
aperture. Muscle scar: large, ovate, anterior 
to the septum on the right side. Scu/pture: 
fine growth lines only. Co/or: variable, from 
tan to purple; fine reddish lines visible on 
tan shells; Caribbean form (С. navicula): 
white background, brown spots. Life his- 
tory: eggs large, yolky, 0.28 mm diameter 
(Conklin, 1897: 20); no pelagic larval stage. 
Radula (Fig. 24): central tooth formula: 
> to a Lateral: == to a Inner 


marginal: Eto 2 Outer marginal: Do ES 
max.: 18.5 mm (Recent). Over 200 speci- 
mens, over 50 localities. L. max.: 24.0 mm 


(fossil). Over 200 specimens, 8 localities. 


Remarks: 


Although C. glauca has page precedence, 
C. convexa was used by Verrill 8 Smith 
(1874) acting as first revisers and is the name 
established in the literature (Franz 8: Hend- 
ler, 1970). A controversy once existed over 
the validity of the name C. g/auca, given to 
the large, flat form occupying uncurved 


substrates. C. convexa was originally named 
from specimens found on the shells of other 
gastropods (Dall, 1889a; Ford, 1889, 1890; 
Stone, 1892; Stearns, 1899). Dwarfs living 
on the blades of eel grass produce eggs at a 
size (4 mm long) at which most C. convexa 
are immature. Fossil specimens, especially 
those from the Miocene, attain significantly 
larger sizes than any Recent specimens. 

C. acuta was named for a narrow sub- 
strate form. C. navicula, a spotted shell, 
convex and about 10 mm long, possibly also 
belongs here. Its anatomy and life history 
should be compared with the continental C. 
convexa to test the synonymy. 


Crepidula costata Sowerby 


C. costata Sowerby, 1824: fig. 3, descrip- 
tive letterpress (New Zealand). 

C. costata Deshayes, 1830: 26. Non C. 
costata Morton, 1829 (no locality). 


Distribution: 


?Miocene: New Zealand (Suter, 1913) 
?Pliocene: New Zealand (Suter, 1913) 
Recent: New Zealand 


Description: 


Shell: moderately thick; convexity: 1.34; 
obliqueness: 9°; aperture elongate, ovate, 
L/W: 1.53 (n = 20). Beak: almost directly 
posterior, not twisted, at shell margin; proto- 
conch usually worn off, forming a blunt 
apex; beak small, does not extend beyond 
the aperture, not excavated. Septum: very 
shallow, planar; margin straight across with 
sides prolonged (like Fig. 2G), covers Y the 
aperture. Muscle scars: large ovate scar in 
front of the right side of the septum, with 
earlier insertion points visible as a strip 
behind it. Another smaller muscle scar at the 
left corner of the septum. Scu/pture: heavy 
radial corrugations on the shell, forming ribs. 
Color: brown lines of variable width follow- 
ing the radial corrugations, alternating with 
white rays; inside white. Life history: larvae 
planktonic. Breeds in February (Pilkington, 
1974). L. max.: 43 тт; 35 specimens, 6 
localities. 


Remarks: 


The name Crepidula costata has been 
used independently 3 times, twice to de- 
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scribe this New Zealand species. It was also 
used for a fossil related to C. aculeata, as 
discussed above (Morton, 1829). Deshayes'C. 
lineolata from Australia (Deshayes, 1830) 
could be synonymous, because he described 
an elongate, convex specimen of about the 
right size, color, and septal configuration. 
The type is not illustrated, and | have not 
had access to any specimens purported to be 
C. lineolata. Dall (1892) calls it an “un- 
known” species. 

C. costata shares the characteristic of 2 
muscle scars with only 4 other species, all 
from the Pacific Ocean. Its strongly plicate 
ribs are a part of its growth pattern regard- 
less of substrate. | have seen no spinous 
specimens. Suter (1913) combined С. 
aculeata with C. costata, therefore his fossil 
records are questionable. 


Crepidula cymbaeformis Conrad Fig. 9 
C. cymbaeformis Conrad, 1844: 173 
(Petersburg, Virginia; Miocene). 


Syntypes: ANSP 15341. 

C. recurvirostra Conrad, 1871: 78 (North 
Carolina; Miocene) [syn. nov.]. 
Syntypes: ANSP 20221. 

C. phalaena Weisbord, 1962: 208, pl. 19, 
figs. 3-5, 16-18 (Mare Formation, 
Venezuela) [syn. nov.]. 

C. avirostra Weisbord, 1962: 209, pl. 19, 
figs. 6-7 (Mare Formation, Venezuela) 
[syn. nov.]. 

C. corcovada Weisbord, 1962: 211, pl. 
19, figs. 8-10 (Mare Formation, Vene- 
zuela) [syn. nov.]. 


Distribution: 


Miocene: Florida to North Carolina (includ- 
ing early stages of Yorktown, 
Duplin Formations) 

Pliocene: Florida to North Carolina; Vene- 
zuela (Mare Formation) [Weisbord, 
1962]. 


Pleist.: Florida to North Carolina (Caloo- 
sahatchee; Waccamaw Forma- 
tions) 

Description: 


Shell: moderately thick; convexity: 1.34; 
obliqueness: 20°; elliptical and tapering at 
both ends of the aperture, L/W: 1.68 (n = 
20). Beak: Slightly inclined, rostrate, at the 
level of the shell margin, extending beyond 


the aperture posteriorly, not excavated. 
Septum: shallow, concave, covering Y the 
aperture; margin deeply notched at the 
corner (V-shaped). Muscle scar: none visible. 
Sculpture: only very fine growth lines. L. 
max.: 41.5 тт; 25 specimens, 5 localities. 


Remarks: 


C. recurvirostra fits this species descrip- 
tion in all details. Weisbord’s species are 
growth forms, C. corcovada having grown on 
a ribbed surface. Dall (1892: 357) and 
others did not consider C. cymbaeformis 
unique enough to be a species distinct from 
C. fornicata, but | find it readily distinguish- 
able and common in the Pliocene. It is rare 
in the Pleistocene. There is no comparable 
species in size and shell characters living in 
the Western Atlantic today, but it can be 
compared ecologically with the modern C. 
norrisiarum of the Eastern Pacific as it is of 
comparable size and shape, intermediate 
between C. fornicata (or C. onyx) and C. 
convexa (or C. adunca in the Pacific). 


Crepidula densistriata Suter 


C. densistriata Suter, 1917: 10, pl. 2, fig. 
11 (Awamoa beach and creek, North 
Otago Miocene, New Zealand). Holo- 
type: New Zealand Geol. Surv. 


Distribution: 
Miocene: North Otago, New Zealand 


Description (based on original descrip- 
tion and illustration): 


Shell: ovate, oblique; body whorl later- 
ally compressed. Beak: incurved, turned to 
the right, slightly rostrate. Septum: not 
visible on type material. Muscle scar: not 
visible on type material. Sculpture: fine, 
radial striation; fine concentric growth lines. 
Color: unknown. [: 28 тт; Н: 13 тт 
(holotype). 


Remarks: 


This species is similar to С. incurva 
(Broderip). It is unlike any other Miocene 
Indo-Pacific species due to its sculpture and 
oblique growth form. 
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Crepidula dilatata Lamarck 


С. dilatata Lamarck, 1822: 25 (Barbary 
[Northern Africa]). Type in the 
Geneva Museum, fide Mermod, 1950: 
724. 

C. subspirata de Blainville, 1824: 295, pl. 
48, fig. 7 (no locality). 

Calyptraea adolphei Lesson, 1830: 388, 
pl. 15, fig. 2 (Talcahuano, Chile). 

Crepidula depressa Deshayes, 1830: 26 
(Chile). 

2С. patula Deshayes, 1830: 27 (coast of 
Tahiti) [fide Carpenter, 1857a: 272]. 

С. nautiloides Lesson, 1832: 2 p., pl. 42, 
figs. 1-3 ("Pacific Ocean?”). 

С. capensis Quoy € Gaimard, 1832-33: 
424, pl. 72, figs. 13-14 (Cape of Good 
Hope; New Holland [Southern Afri- 
cal) [syn. nov.]. 

Calyptraea strigata Broderip, 1834: 39; 
1835: 203, pl. 28, fig. 12 (Valparaiso, 
Chile). 

C. pallida Broderip, 1834: 39; 1835: 204, 
pl. 29, fig. 3 (Falkland Islands). 

Crepidula peruviana Deshayes, 1836: 49 
(Island of San Lorenzo, Peru). Type in 
the Geneva Museum, fide Mermod 
(1950: 726). 

C. patagonica d'Orbigny, 1841: 464; 
1846, pl. 58, figs. 1-3 (Patagonia). 

C. rugulosa Dunker, 1846: 108 (Cape of 
Good Hope) [5уп. nov.]. Type т 
Berlin Museum of Natural History. 

C. dilatata Lamarck. Carpenter, 1857a: 
272; Brann, 1966, tablet 1353. 

C. uncinata Philippi, 1887: 94, pl. 11, fig. 
6 (Tertiary of Chile). 

Crypta subdilatata Rochebrune & 
Mabille, 1889: 37 (Cape Horn). 

Crepidula dilatata Lamarck. Ortmann, 
1902: 185: рЕ:32; fig. 11. 


Distribution: 


?Oligocene: Argentina (Cape Fairweather) 
(Ortmann, 1902) 
U. Miocene: Araucano  strata, 
(Parodiz, 1939) 
Argentina and Chile (von Iher- 
ing, 1907) 
Subrecent: Southern Chile and Argentina 
(Parodiz, 1939) 
Americas: Buenos Aires to Cape 
Horn to Mazatlan, Mexico (mu- 
seum records). Central West and 
South Africa (Dunker, 1846). 
“Sandwich Islands” (Museum 


Argentina 


Pleist.: 


Recent: 


records; exact 


known) 


locality un- 


Description: 


Shell: moderately thick to thick, large, 
globose; convexity: 1.52; obliqueness: 107; 
aperture circular: L/W: 1.19 (n = 30). Beak: 
small, turned to the right and slightly up- 
turned, appressed to body whorl above the 
aperture; not excavated; barely extends pos- 
teriorly beyond the aperture; very high 
whorl expansion rate. Septum: shallowly 
inserted but strongly concave, thin, undulat- 
ing with a deep sinus at the left side of the 
shell and a small median notch; ridged along 
the midline in young specimens; covers less 
than Y the aperture. Muscle scar: deep, 
small, lunar; under right anterior corner of 
septum. Sculpture: only growth lines. She// 
color: white, or white mottled with brown 
inside the shell; outside tan or brown, often 
with radial brown lines visible at the shell 
margin. L. max.: 59 mm; about 100 speci- 
mens, 26 localities. 


Remarks: 


This common species can possess perma- 
nent indentations on the shell caused by 
stacking. The center of its current distribu- 
tion is southern Chile. Like C. grandis, with 
which it has been confused, С. dilatata is 
robust and inflated, but it differs markedly 
in conformation of beak and septum. It is 
allied to the smaller, more delicate C. dor- 
sata on the basis of these characters. In fact, 
both have been placed in a subgenus, or even 
genus, Crepipatella Lesson, due to the form 
of the septum, intermediate between Crepid- 
ula and Crucibulum. The Tertiary C. gregaria 
overlapped in space and time with C. dila- 
tata. 

C. patula from Tahiti probably belongs 
under C. dilatata, although | have not 
examined type material and the original 
description is without illustration. The forms 
which Broderip named represent slight dif- 
ferences in shell shape and color; Calyptraea 
(= Crepidula) strigata has a distinct white ray 
along the mid-dorsal line. C. pallida is a 
white-shelled form. D'Orbigny's С. pata- 
gonica is also a growth variant, as is C. 
depressa (flattened). C. rugu/osa and C. 
capensis are slightly spinous — variants. 
Calyptraea adolphei, Crepidula nautiloides, 
C. peruviana, and Crypta subdilatata are 
obvious synonyms. 
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Crepidula diminutiva Loel & Corey 


С. diminutiva ое! & Corey, 1932: 267, 
pl. 63, figs. 13-15 (Upper Vaqueros 
Formation, L. Miocene, California, 
Orange County). Holotype: U. Calif. 
Coll. Invert. Paleo. 31574. 

C. bractea Addicott, 1970: 62, pl. 4, figs. 
5-7, 15-17 (Upper Olcese Sand, Middle 
Miocene, California). Holotype: 
USNM 650088. [syn. nov.]. 


Distribution: 


L. Miocene: Southern California, Orange 
County to Santa Barbara 

M. Miocene: Kern River, California (Addi- 
cott, 1970) 


Description (Based primarily on illustrated 
specimens; 3 specimens 
observed) 


Shell: small, thin, convexity low, right 
side of shell nearly perpendicular to the 
aperture; subelliptical to nearly circular. 
Beak: small, forming one whorl; nearly 
bilaterally symmetrical; appressed to shell at 
or near the margin; not excavated; not 
rostrate. Septum: thin, shallow, planar; 
covers about % the aperture; margin un- 
known. Muscle scar: 1 visible. Sculpture: 
none except fine but irregular growth lines. 
L. max.: 17.0 mm. 3 specimens, 2 localities. 


Remarks: 


C. bractea was thought to differ from C. 
diminutiva in apertural outline and in con- 
vexity, but these are both plastic characters 
under some degree of environmental in- 
fluence. The largest specimen (16.5 mm) of 
C. diminutiva which | observed is distinct 
from other fossil Californian Crepidula spe- 
cies in being nearly bilaterally symmetrical 
but not rostrate. The small number of shells 
extant may be due to their fragility. 


Crepidula dorsata (Broderip) 


Calyptraea dorsata Broderip, 1834: 38; 
1835: 202, pl. 28, fig. 10 (St. Elena 
[Ecuador] ). 

Crepidula lingulata Gould, 1846: 160 
(Puget Sound) [syn. nov.]. Holotype: 
USNM 5871. 


C. bilobata Reeve, 1859 (ex Gray ms.): 
pl. 5, fig. 29 (no locality). Type in 
BM(NH). 

C. dorsata (Broderip). Carpenter, 1864: 
654. 

С. fissurata Sowerby, 1883: 67, pl. 9, fig. 
151 (no locality). Type in BM(NH). 

C. orbiculata Dall, 1919: 351 (Van- 
couver, Canada) [syn. nov.]. Type in 
USNM. 

Crepipatella fluctuosa Taki, 1938: 144, 
figs. 6-7 (Wakayama, Japan) [syn. 
nov.]. 


Distribution: 


Pliocene: Los Angeles to Santa Barbara, 
California (Grant & Gale, 1931) 


Pleist.: Baja California to Los Angeles, 
California (Woodring et al., 1946) 
Recent: Valparaiso, Chile, to Vancouver; 
South Bering Sea; E coast of 
Japan (8” to 60” N. Lat.—Keen, 
1937, after Dall, 1921). Especially 
in areas of cold upwelling. Distri- 
bution patchy. 
Description: 
Shell: small, thin; convexity: 1.24; 


obliqueness: 19% aperture subcircular; L/W: 
1.02 (n = 50). Beak: small, twisted strongly 
to the right, far above the aperture, apex 
free from shell (slightly rostrate); not exca- 
vated, not extending beyond the aperture. 
Septum: shallow, concave, bilobed, freed 
from the entire left side of the shell by a 
deep sinus; strong central notch also. Ridged 
along the midline. Septum covers about % of 
the aperture. Muscle scar: absent. Sculpture: 
growth lines (often undulating); occasional 
crenulations of the shell margin due to 
substrate texture. Shell color: white to 
yellow; tinged, spotted, or rayed with chest- 
nut; inside white or purplish. Life history: 
planktonic larval stage; egg diameter = 
0.15 mm (Coe, 1949). L. max.: 26 mm; over 
200 specimens, 34 localities. 


Remarks: 


An erroneous range in northern Alaska 
was given by Dall (1921) who confused C. 
grandis with this species. C. dorsata is 
nonetheless widely distributed, covering the 
length of the Eastern Pacific coast, thriving 
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in deep water (20 m is a common depth on 
museum labels) or in areas of cold upwelling. 

Broderip's figured specimen shows rib- 
bing. C. bilobata is a chestnut-rayed color 
form. Stating no reason, Keen (1971) and 
Grant & Gale (1931) consider С. /ingulata a 
valid species name and dispute ¡ts synonymy 
with C. dorsata. Smith (1946) breaks the 
group into a southern species (C. dorsata) 
and a northern one (С. /ingulata), solely on 
the basis of latitude. Many Crepidula species 
have wide latitudinal ranges, extending 
across zoogeographic ‘“‘boundaries,’’ and | 
can find no consistent character to separate 
these 2 supposed species. 

C. orbiculata Dall is a white form with 
strongly twisted beak (more than one com- 
plete whorl), and is found in deep, cold 
water (Vancouver). C. fissurata is irregularly 
shaped, much like С. orbiculata, but with 
purple pigment stains inside. Another name, 
Verticumbo charybdis Berry (1940), was 
erected for a similar but even more coiled 
shell found in deep water off Southern 
California. Topotypes (MCZ 174626) have 
large, calyptraeid-like apices and ribs, as in 
Trochita sordida Broderip (1835). | would 
not synonymize V. charybdis, but point out 
the morphological parallels. Berry claims 
that the septum is less indented than in C. 
lingulata (= dorsata), and that its free edge is 
upturned. Deep water populations are af- 
fected by different physical conditions than 
are shallow populations, and are isolated as 
adults due to patchiness of suitable sub- 
strate. Both environmental and genetic fac- 
tors may cause variation in the above traits. 
More specimens of the form named by Berry 
should be examined to determine if it is a 
genuine species, perhaps of Ca/yptraea. A 
Japanese form of С. dorsata, named Crepi- 
patella fluctuosa, is irregularly ribbed. 

С. aculeata is similar to the *“Crepi- 
patella"” group in size and beak characters, 
and its septum is deeply notched at the left 
and at the center, resembling the bilobed C. 
dorsata. 

Crepidula excavata (Broderip) Fig. 10 
Calyptraea excavata Broderip, 1834: 40; 

1835: 205, pl. 29, fig. 7 (Real Llejos, 

Chile). Syntypes: BM(NH) 1966637. 
C. arenata Broderip, 1834: 40; 1835: 

205, pl. 29, fig. 8 (St. Elena, ‘‘West 

Columbia” [5уп. nov.]. Holotype: 

BM(NH) 1966631. 


Crepidula excavata (Broderip). Deshayes, 
1836: 649 (Chile). 

C. excavata (Broderip). Reeve, 1859: pl. 
1, fig. 4. 

C. excavata (Broderip). Carpenter, 1857a: 
274. 


Distribution: 


?Pleist.: San Quintin Bay, Baja California, to 
Santa Monica Palisades, California 
(Grant & Gale, 1931) 

Recent: Chile (Deshayes, 1836); 3” 28' S. 
latitude (Peru) to San Felipe, Baja 
California (SDNHM) 


Description: 


Shell: large, thick; convexity: 1.36; 
obliqueness: 34"; prominent, angular dorsal 
arch; aperture elliptical, narrowed at either 
end; L/W: 1.56; left side of shell compressed 
(n = 30). Beak: pointed, turned to the right 
and hooked; at the level of shell margin but 
free from it; early portion of shell does not 
extend beyond the aperture; beak often 
excavated. Septum: deeply inserted, planar 
or slightly convex, margin slightly undulat- 
ing and diagonal, attached farther forward 
оп the left side. Covers % to nearly % of the 
aperture. Muscle scar: large, deep, chevron- 
shaped; on right side and in front of the 
septum. Sculpture: only growth lines. Shell 
color: yellowish to light brown maculation 
on white, or reddish brown radial streaks 
and white rays; pale tan or white inside; thin 
tan periostracum. [. max.:52 mm. 70 speci- 
mens, 8 localities. 


Remarks: 


According to Chace (1916: 35), this spe- 
cies has “an evenly curved deck extending 
forward on both sides.”’ As can be seen from 
Broderip's figure, this is incorrect. He clearly 
shows the diagonal septum, related to the 
highly oblique growth of the shell, and the 
striking muscle scar. The muscle scar 1$ the 
largest | have observed in Crepidula relative 
to the size of the shell. Several malacologists 
(e.g. Keen, 1971) have used the excavated 
beak to separate this from other species, but 
it is absent in shells which have grown 
unrestricted on flat substrates. Furthermore, 
other California species also have this char- 
acter, e.g. С. adunca. 


Broderip's Calyptraea (= Crepidula) 


——— 
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arenata is a young, flat specimen of С. 
excavata. Most museum specimens labeled 
“C. arenata” are С. excavata, while many of 
those labeled **C. excavata” are in reality the 
C. naticarum of Williamson (1905). Berry 
(1950) claims that C. arenata has a deeply 
impressed muscle scar and that C. excavata 
does not; this is contrary to Broderip’s 
original intent. Dall (1909b) thinks С. 
arenata to be a variant of C. onyx. Coe 
(1949) states that C. arenata has an egg 
diameter of 0.16 mm and a planktonic larval 
stage, but it is not clear what species he had. 
It is surprising that so much confusion could 
exist over C. excavata, which is one of the 
most distinctive species of Crepidula. Be- 
cause Grant & Gale (1931) did not illustrate 
their supposed Pleistocene C. excavata, | 
cannot be sure that their reference is to the 
true C. excavata. Woodring et al. (1946) cite 
C. excavata from the Pleistocene of Palos 
Verdes, California but the species they de- 
scribe 1$ С. norrisiarum. 

Some African specimens labeled C. /entig- 
поза Sowerby, 1883, are identical with С. 
excavata, at least in shell morphology. There 
are 2 entities called C. porcellana (Linnaeus, 
1758) from Africa in museum collections, 1 
of which is hardly distinguishable from C. 
excavata and the other of which resembles 
C. hepatica Deshayes, 1830. Resolution of 
the synonymy will depend on examination 
of the African types; that of C. porcellana 
may be lost, for М 15 not among the 
“Patella”" in the Linnaean Society Collec- 
tion. Equality of these species would create 
an unusual geographical distribution. С. 
maculosa from the Gulf of Mexico and 
northern Caribbean is intermediate geo- 
graphically, and is similar in muscle scar and 
color pattern to C. excavata and the African 
species, but is smaller. 

C. excavata lives primarily offshore and is 
dredged in depths to 100 m. 
Crepidula fornicata (Linnaeus) Fig. 11 
Patella fornicata Linnaeus, 1758: 781 (ad 

llvam insulam [Elba Is., Mediterranean 


Seal). Locality in error. Type: 
Linnaean Society, London. 
Crypta nautarum Morch, 1877 [ex 


Humphrey, 1779 (ruled invalid by 
ICZN)] : 103 (North America). 

Patella fornicata Linnaeus. Gmelin, 1791: 
3693 (Barbados, “lliam,” and else- 
where in the Mediterranean). 


Crepidula fornicata (Linnaeus). Lamarck, 
1822: 24 (Barbados). 

Crypta densata Conrad, 1843: 311 (Natu- 
ral Well, Duplin Co., North Carolina; 
Miocene). Syntypes: ANSP 15321. 

?Crepidula riisei Dunker, 1852: 189 (San 
Juan, Puerto Rico) [fide Tryon, 
1886]. Type lost. 

C. fornicata (Linnaeus). Conrad, 1861: 
81, pl. 45, fig. 10. 

C. virginica Conrad, 1871: 78 (Virginia; 
Miocene). Syntypes: ANSP 30707. 


Distribution: 


?Oligocene: Calhoun Co., Florida (juveniles 
only) 

Florida to Nantucket (Chocta- 
whatchee, Duplin, Yorktown 
Formations) 

Florida to New Jersey (late 
stages of Yorktown, possibly 
Duplin Formation) 

Florida to Nantucket (Wac- 
camaw, Caloosahatchee Forma- 
tions) 

Progreso, Mexico; Long Island, 
Bahamas to Port Aransas, 
Texas; North to Prince Edward 
Island. Introduced, Washington 
State; S England to S Norway. 
Rarely, St. Thomas, Virgin 
Islands, and possibly elsewhere 
in the Caribbean. 


Miocene: 
Pliocene: 
Pleist.: 


Recent: 


Description: 


Shell: shape highly variable; convexity: 
Recent, 1.54; Miocene, 1.73; obliqueness: 
Recent, 18”; Miocene, 34”; L/W: Recent, 
1.42; Miocene, 1.55. Aperture elliptical (n = 
50). Beak: blunt, turned to the right and 
appressed to the shell margin or slightly 
above it; not highly coiled; not excavated; 
can extend beyond aperture posteriorly and 
laterally if shell grows on a restricted sub- 
strate. Septum: concave, rather shallow, 
weakly notched at the left side and in the 
center; occupies about Y the aperture (more 
in some Miocene specimens); is attached 
slightly farther forward on the right side. 
Muscle scar: absent. Sculpture: growth lines 
only. Shell color: white and brown alternat- 
ing rays, usually with a broad white ray 
along the dorsal midline; pigment intensity 
highly variable; interior tan to purple; brown 
ring around the white septum. Life history: 
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small eggs of diameter 0.16-0.18 mm; plank- 
tonic larval stage. Radula (Fig. 24): central 


tooth formula: Martha's Vineyard: m 
à 10-1-11. 22-12 
(serrated); то ee Nahant: 0-0 to 
3-1-3 say 7/ À 
00: Inner marginal: 3 to 9 Outer margin- 
al: 5 to À to 5 (not illustrated). Lateral: = to 
a L. тах.: 59 mm (Recent); 65 mm 


(fossil). Over 200 specimens, over 200 local- 
ities. 


Remarks: 


Linnaeus followed Gualtieri (1742) for 
his type-locality “ad Ilvam insulam,” in the 
Mediterranean Sea. He did not know the 
locality of the actual specimens in his 
collection. Dezallier d’Argenville (1742, pl. 
6, fig. N) and Lister (1770, pl. 545, figs. 33, 
35), also referred to by Linnaeus, represent 
the true Crepidula fornicata as we know it 
today; Lister was first with the locality 
“Barbados.’’ Gmelin's 13th edition corrected 
Linnaeus’ error by removing the reference to 
Gualtieri, whose figure is ambiguous but is 
probably of C. unguiformis. Part of the 
confusion is due to a similar species, C. 
gibbosa from the Mediterranean Sea. 

When Crepidula fornicata was introduced 
into northern Europe on oysters at the turn 
of the century, it became established as a 


major faunal element. C. gibbosa has not 
similarly spread, nor does it tend to form 
large stacks as does C. fornicata. 

Shells identical to modern Crepidula 
fornicata occur in the Miocene of North 
Carolina (Duplin and Yorktown Forma- 
tions). However, this species was even more 
variable in the Miocene than it is today (Fig. 
11). The degree of beak coiling (represent- 
ing whorl expansion rate early in ontogeny 
and asymmetry of growth) and the length of 
the septum relative to the aperture were two 
notably unstable characters of that period. 
Also, the Miocene fossil specimens have a 
slightly larger maximum and median size 
than do Recent specimens. Crypta densata 
was a massive form, and Crepidula virginica a 
highly coiled form. An illustration by 
Sowerby in Reeve (1859, pl. 3, fig. 15b) 
includes a prominent muscle scar; this is 
erroneous. 

It is surprising that there are so few 
synonyms for such a variable species. On the 
contrary, many valid species such as Crepid- 
ula maculosa and C. plana have at one time 
or another been synonymized under C. 
fornicata (Dall, 1892). Dunker named C. 
riisei from San Juan, Puerto Rico; the type is 
lost from the Berlin Museum, so Tryon’s 
opinion cannot be verified. Reference to 
concavity in the original description suggests 
that the snail may have been С. plana. Reeve 
(1859) mistakenly used the name С. nautil- 
oides for narrow, stacked specimens of C. 
fornicata from New York. Philippi (1836) 


FIG. 10. Crepidula excavata from Baja California, 5 views; a) dorsal, L = 


41.1 mm; b) ventral, L 


38.4 mm; muscle scars were accentuated by coating the shell with magnesium oxide; c) lateral, L = 
39.8 mm; d) posterior, showing the oblique angle of the shell; W = 26.9 mm; e) anterior, showing the beak; 


same specimen as d. 


FIG.11. С. fornicata from North Carolina Miocene, 3 views; a) dorsal, L = 32.0 mm; b) ventral, L = 


31.0 mm;c) lateral, L= 31.6 mm. 


FIG. 12. C. gibbosa from Italy, fossil and Recent, 3 views; dark spots are holes, not muscle scars; a) dorsal, 
fossil, L = 31.4 mm; b) ventral, same specimen; с) ventral, Recent, L = 23.0 mm; d) lateral, same specimen 


as a and b. 


FIG. 13. С. immersa from South Australia, 3 views; a) dorsal, L = 22.0 тт; b) ventral, L = 33.9 mm; с} 


lateral, same specimen as a. 


FIG. 14. C. monoxyla from New Zealand, 3 views; a) dorsal, L = 


28.0 тт; b) ventral, same specimen; 


muscle scars have been accentuated with ink lines. c) lateral, same specimen. 


FIG. 15. С. marginalis from Panama (Pacific), 3 views; a) dorsal, L = 22.4 тт; b) ventral, same specimen; 


с) lateral, same specimen. 


ЕС. 16. С: опух from Southern California, 3 views; а) dorsal, L = 55.4 mm; b) ventral, same specimen; с) 
lateral, same specimen; this specimen, taken from a rock, is less arched than those which stack upon one 


another. 
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erred by identifying С. gibbosa as С. forni- 
cata. 

The radula variations between Nahant 
and Martha's Vineyard are striking, but are 
based on only a few specimens. Still, these 
data show the danger of characterizing a 
species on the basis of one or a few radulae. 
Crepidula gaultina Buvignier 

C. gaultina Buvignier, 1852: 28, pl. 21, 

figs. 29-30 (Varennes, France; Gault, 
Cretaceous); 1864, in Pictet & Cam- 
piche: 694, pl. 97, figs. 3-4. 


Distribution: 


Cretaceous: Varennes, France (rare); St. 
Croix, Virgin Islands (rare) 


Description: (from illustrations and 
descriptions by Buvignier): 


Shell: convex, not oblique but nearly 
symmetrical about the apex; aperture ellip- 
tical. Beak: small, slightly rostrate, above the 
apertural plane; not twisted. Septum: seen 
only as a slit in the internal molds. Muscle 
scar and Sculpture: not seen on material 
available. L. тах.: 18 mm. 


Remarks: 


This species is known only from internal 
molds, but an internal septum is evident. 
This is 1 of only a few really convincingly 
classified Cretaceous Crepidula species, М the 
stratigraphy 15 accurate. There are a few 
records of the genus Ca/yptraea from the 
same St. Croix locality. In the Cretaceous, 
the St. Croix and Varennes localities were 
close together. 


Crepidula gibbosa Defrance Fig. 12 

C. gibbosa Defrance, 1818: 397 (Tou- 
raine, France; Miocene). 

C. moulinsii Michaud, 1829: 265, fig. 9 
[suggested by Saussaye, 1869: 96] 
(Mediterranean Sea). 

C. gibbosa Defrance. Deshayes, 1836: 
647 (Touraine and Laugnan near Bor- 
deaux, fossil). 

C. pulchella Aradas, 1846: 176 [fide 
Saussaye, 1869: 96]. Type at Catania. 

C. moulinsii Michaud. Bucquoy et al., 
1886: 462, pl. 5, figs. 12-14. 


Distribution: 


Miocene: Vienna Basin; Touraine, France; 
Italy 
Pliocene: Calabria, Italy 
Pleist.: | Monte Pellegrino; scattered other 
S. European localities 
Recent: Mediterranean Sea; Adriatic Sea 
Description: 
Shell: thick; convexity low: 1.20; 
obliqueness: 12 ; aperture ovate but vari- 
able; L/W: 1.29 (Miocene specimens, n = 
15). Beak: very slightly inclined and ap- 
pressed to, or at shell margin; pointed; not 
excavated; does not extend beyond aperture. 
Septum: shallow, concave, margin nearly 
straight, covering Ya of the aperture; square 
notch at left side. Muscle scar: absent. 
Sculpture: none except fine growth lines; 
often, roughness due to calcium carbonate 
deposits on dorsal surface. She// co/or: chest- 
nut-colored exterior; variable in intensity to 
nearly white; light tan inside, and very 
porcelaneous. Life history: not reported; 
stacking does not occur. L. max.: 32 mm; 
over 200 specimens, 20 localities (fossil and 
Recent). 


Remarks: 


Crepidula gibbosa was named from fossil 
specimens; an identical living organism from 
the same geographical area was later named 
Crepidula moulinsii. Vayssiere's (1893) illus- 
trated specimens of C. moulinsii appear to 
be juveniles and are of little use distinguish- 
ing this species. C. gibbosa is similar to C. 
fornicata; however, it never reaches the size 
of the latter species and is never highly 
arched. The С. “fornicata”” of Costa (1829) 
and Philippi (1836), and other reports of C. 
fornicata from the Mediterranean, really are 
C. gibbosa. Editions of the Systema Naturae 
which give localities for C. fornicata of 
Barbados and the Mediterranean are based 
on mixed specimens of C. fornicata and C. 
gibbosa. 

Crepidula grandis Middendorff Fig. 23 
C. grandis Middendorff, 1849a: 101, pl. 

11, figs. 8-10 (St. Pauls Is., Bering 

Sea); 1849b: 18. Type: Academy of 

Sciences, Leningrad. 
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C. grandis Middendorff. Taki, 1938: 145, 
fig: 


Distribution: 


Recent: Arctic Sea, Bering Strait, Alaska; 
Kamchatka; Siberia; Kuril 15.; М 
Japan (museum records). (Keen, 
1937: 57°-72° М. Lat.; but Kuroda 
& Habe, 1952: 36°-46° N. Nat. т 
Asian waters.) 


Description: 


Shell: moderately thick to thick; convex- 
ity: 1.54; obliqueness: 16°; aperture round 
to ovate; L/W: 1.35 (n = 20). Beak: small, 
twisted strongly to the right and upturned to 
lie above the shell margin but not appressed 
to it; one full whorl is completed before 
expanding into adult portion of shell; beak 
not excavated, extends posteriorly beyond 
the aperture. Septum: deeply recessed, 
slightly convex, margin straight, diagonal, 
attached quite far forward on the left side, 
covers half the aperture. Muscle scar: deep, 
rectangular, forward of right corner of 
septum. Scu/pture: only coarse growth lines. 
Shell color: white inside, light tan to red 
outside. Thick brown periostracum. L. max.: 
57 mm; 24 specimens, 6 localities. 


Remarks: 


This species has been synonymized with 
the southern hemisphere species C. dilatata 
(Tryon, 1886) incorrectly, giving an incor- 
rect range for the latter species. Grant & 
Gale (1931) consider C. grandis to be a 
direct descendant of the fossil C. princeps, 
but Woodring et al. (1940: 71) disagree. 
According to paleontological evidence, C. 
princeps died out in the northern part of its 
range before C. grandis appeared. On the 
basis of muscle insertion and septum shape, 
C. grandis does have affinities with the fossil 
species, although it is never as large and 
tends to be less elongate, with a proportion- 
ately narrower beak. To say that C. grandis 
is a direct linear continuation of C. princeps 
as did Grant & Gale (1931) is overstepping 
the evidence. It may be related to a northern 
group of C. princeps which became isolated 
as the species’ range contracted, becoming 
able to survive the conditions which elimi- 
nated its relatives. 


Crepidula gregaria Sowerby 


C. gregaria Sowerby, 1846: append., p. 
254, pl. 3, fig. 34 (Patagonia; Pleisto- 
cene) [spelled gregarea in error, but 
gregaria in plate caption] . 

C. gregaria Sowerby. Philippi, 1887: pl. 
12 así 


Distribution: 
Pleistocene: Patagonia and southern Chile 
Description (based on the literature): 


Shell: highly convex; obliqueness and 
LAV not measured but similar to those of C. 
fornicata; aperture elliptical. Beak: blunt, 
turned to the right and appressed to the shell 
margin; not excavated; extends beyond the 
aperture laterally. Septum: bisinuate margin 
(Finlay, 1924). Muscle scar: unknown. 
Sculpture: growth lines only. Shell color: 
unknown. L.: 35 mm (Philippi, 1887). 


Remarks: 


This fossil from the Quaternary of Pata- 
gonia and southern Chile is remarkably 
similar to C. fornicata in size and beak 
characters. It was preserved /n situ in stacks 
within gray argillaceous sandstone, hence the 
name. A long distance with isolating currents 
separated the North American Atlantic and 
the South American Pacific during the Terti- 
ary, making it difficult to believe that C. 
gregaria was the same as the North American 
species. No Recent species is in both of these 
zoogeographical provinces. At the least, C. 
fornicata and C. gregaria are closely allied in 
morphology, habitat, and life history char- 
acters as inferred by the stacking. C. gregaria 
also is similar in general form and habitat to 
C. princeps of the West Coast of North 
America. | have not examined specimens of 
C. gregaria personally; a look at its septum 
(described as ‘‘bisinuate’”’ in the literature) 
and its maximum size would clarify its 
affinities. 


Crepidula haliotoidea Marwick 


C. haliotoidea Marwick, 1926: 318, pl. 73, 
fig. 10 (Tirangi Stream, N. Taranaki, 
New Zealand; Upper Miocene).Type in 
New Zealand Geological Survey collec- 
tion. 
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Distribution: 
Upper Miocene: Northern New Zealand 


Description (based on original description 
and illustration): 


Shell: moderate in size, ovate. Beak: 
directed upward, above the margin, forming 
% whorl; oblique, not rostrate, not ap- 
pressed. Septum: covers % the aperture; 
concave margin in early stages (edge of 
septum not visible in specimens described). 
Muscle scar: unknown. Sculpture: only 
coarse growth ridges. Shell color: unknown. 
L. of holotype: 37 mm. 


Remarks: 


This shell is similar in shape to a Haliotis, 
for which it was named. It closely resembles 
the much older C. hochstetteriana. 


Crepidula hochstetteriana Wilckens 


C. hochstetteriana Wilckens, 1922: 5, pl. 
1, fig. 9a,b (Lower Amuri Group, E. 
and W. wing of Amuri Bluff, New 
Zealand; Cretaceous). 


Distribution: as above 


Description (based on original description 
and illustrations): 


Shell: ovate, left side convex, right side 
concave; nearly twice as long as wide. Beak: 
curved to the right, extending slightly 
beyond the margin; not rostrate. Septum: 
covers nearly % the aperture; margin con- 
cave. Muscle scar: unknown. Scu/pture: only 
coarse, wrinkled growth lines. L.: 49 mm; 
W: 26 mm; ht: 22 mm (holotype). 


Remarks: 


The species is known from internal 
molds, as are all Cretaceous Crepidula spe- 
cies. The septum is clearly indicated. Only a 
few specimens have been found. 


Crepidula immersa Angas Eig: 13 

C. immersa Angas, 1847: unnumbered 
plate with descriptive letterpress 
(South Australia). 


Distribution: 
Recent: Southern Australia 
Description: 


Shell: thin, nearly planar; convexity: 
1.05; obliqueness: 2°; spatulate; L/W: 1.53 
(n = 5). Beak: protoconch tiny; nearly 
backward, free from shell; at the level of the 
margin, extending just beyond it; not exca- 
vated. Septum: very shallow; planar or con- 
vex; very short, covering about % of aper- 
ture; margin undulatory with a very shallow 
notch at the left side. Muscle scar: shallow, 
small, at right corner of septum; a small pit 
can be present at left corner. Scu/pture: 
none except fine growth lines. Shell color: 
tan or white exterior; brown interior. L. 
тах.: 42.5 тт; 5 specimens, 3 localities. 


Remarks: 


This species is distinctive by its coloration 
and very short septum. М is 1 of the 
convergent planar forms of Crepidula occu- 
pying sheltered, hard substrates. It and С. 
monoxyla are the only such Crepidula spe- 
cies with muscle scars; С. immersa is the 
only planar Crepidula with consistently 
dense pigmentation. 


Crepidula incurva (Broderip) 


Calyptraea incurva Broderip, 1834: 40; 
1835: 204, pl. 29, fig. 6 (St. Elena & 
Xipixapi, “West Columbia"). Syn- 
types: BM(NH) 1966627. Non C. 
incurva Zittel, 1864. 

Crepidula incurva (Broderip). D’Orbigny, 


1843: 468. 

C. costulata Dunker, 1852: 190 (Pan- 
ama). Syntypes in Berlin Museum 
[syn. nov.]. 


?C. cerithicola C. B. Adams, 1852: 225 
(Taboga, Panama). Lectotype: MCZ 
186293; paratype: MCZ 186294 [syn. 
nov.]. 

C. incurva (Broderip). Carpenter, 1857a: 
276. 

C. lirata Reeve, 1859: pl. 5, fig. 30 
(California). Types in BM(NH) [syn. 
nov.]. Non С. /irata Conrad, 1833. 


Distribution: 


Pleist: Canal Zone, Panama 
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Recent: Paita, Peru to San Felipe, Baja Cali- 
fornia 


Description: 


Shell: small, laterally compressed; con- 
vexity: 1.34; obliqueness: 5°; L/W: 1.47 (п 
= 9). Beak: rostrate, directed nearly poste- 
riorly, at the level of the shell margin or just 
above it, not excavated. Septum: deeply 
inserted, concave or planar, margin slightly 
curved inward, extending farther forward on 
the right side, covers Y the aperture, sides do 
not extend forward. Muscle scar: absent; 
roughness from muscle attachment is on 
underside of septum at right corner. Scu/p- 
ture: fine riblets on beak and over entire 
shell, unless worn. Shell color: outside: fine 
brown lines on solid tan or brown; inside 
darker brown; septum white; edge of shell 
brown and white, variegated. Life history: 
brooded development of lecithotrophic eggs 
(personal observation of dried specimens). 
L. тах.: 25 тт; 9 specimens, 2 localities. 


Remarks: 


The fine ribbing of the shell is regular and 
consistent. The septum is quite different 
from that of C. adunca, which this species 
resembles in size and habitat. In color, 
muscle attachment, and septum configura- 
tion, C. incurva resembles C. onyx. The 
illustration of C. /irata in Reeve (1859) is 
representative of C. incurva. Dunker's C. 
costulata and Reeve's C. /irata are simple 
synonyms. C. incurva lives intertidally to at 
least 20 m. 

The small shells named C. cerithicola by 
C. B. Adams have been thought to be C. 
onyx by many authors (e.g. Dall, 1909b) but 
| question this after examining Adams's 
types alongside juvenile C. onyx. The Adams 
specimens are worn, but are rayed with 
contrasting brown and white streaks, do not 
have a heavy periostracum, and do not have 
a dark interior. They may be C. incurva. 


Crepidula lirata Conrad 


C. lirata Conrad, 1833: 344 (Claiborne, 
Alabama; Eocene). Lectotype: ANSP 
15343. Non С. /irata Reeve, 1859. 

C. cornu-arietis |. Lea, 1833: 97, pl. 3, 
fig. 77 (Claiborne, Alabama; Eocene). 

C. dumosa Conrad, 1835: 46, pl. 16, fig. 
20 (Claiborne, Alabama; Eocene). 
Holotype: ANSP 15302. 


Distribution: 


Eocene: Alabama; Louisiana (GosportSand). 


Description: 


Shell: moderately thick; high convexity: 
1.70; high obliqueness: 32°; width variable; 
L/W: 1.86 (n = 50). Beak: strongly inclined 
to the right, forming about 1 whorl; rostrate; 
above the aperture (distance above 1$ vari- 
able); occasionally excavated; extends be- 
yond the aperture laterally and posteriorly. 
Septum: deeply inserted, planar, covering Y. 
the aperture; margin straight or gently 
curved. Muscle scar: small, faint, lunar; at 
right corner of shell where it adjoins the 
septum. Not visibly impressed on all speci- 
mens. Scu/pture: fine to coarse axial ribbing; 
fine growth lines. L. max.: 50 mm; over 200 
specimens, 2 localities. 


Remarks: 


Shell markings show that С. /irata formed 
pairs, but none were preserved in situ, so 
whether it also formed stacks is unknown. 
The acute angle of the shell may have made 
stacks unwieldy. C. /irata is the major 
component of 1 layer of the Gosport Sand. 
It is the earliest preserved Eastern Coastal 
Plain species, but this does not imply that it 
is an early or “primitive”” form of Crepidula. 
Its septum shows no likeness to that of early 
calyptraeid stock. The muscle scar is a 
character indicating migration of the muscle 
attachment to a position more effective for 
limpet-like existence. 

С. cornu-arietis is a straightforward 
synonym; C. dumosa was named for 1 of the 
occasional specimens with short plicate 
spines on some (usually alternating) ribs. 


Crepidula maculosa Conrad 


C. maculosa Conrad, 1846: 26 (Mullet 
Key, Tampa Bay, Florida). Non Рае//а 
maculosa Gmelin, 1791, which is not a 
Crepidula, but has been incorrectly 
equated with C. maculosa. 

C. maculosa Conrad. Stingley, 1952: 83, 
pl. 2, figs. 7-10. 

С. maculosa Conrad. Olsson & Harbison, 
1953: 278, pl. 47, fig. 7. 
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Distribution: 


Pliocene: Florida (fide Olsson & Harbison, 


1953) 

Pleist.: Florida (Caloosahatchee Forma- 
tion) 

Recent: West Florida to Yucatan, Mexico; 
northern Caribbean: St. Thomas; 
Bahamas (museum records) 

Description: 

Shell: thin to moderately thick; con- 
vexity: 1.44 (fossil: 1.26); dorsal arch 


peaked; obliqueness: 10° (fossil: 9”); ovate; 
L/W: 1.36 (fossil: 1.39) (n = 30, including 
fossils). Beak: pointed, small, turned about 
90” to the right, not appressed to shell 
margin but level with it; not excavated; does 
not extend far beyond the aperture. 
Septum: planar to concave, extended for- 
ward on the left side; occupying less than % 
the aperture; margin straight or with a slight 
median notch;.edges of septum are extended 
forward to form ridges on the sides of the 
shell. Muscle scar: large, ovate to round; 
situated almost entirely in front of the 
septum on the right side. Scu/pture: fine 
growth lines only. Shell color: white with 
reddish-brown dots merging into rays or 
streaks, running axially. Life history: un- 
known. Habitat: subtidal. L. max.: 38 mm; 
over 200 specimens, 25 localities, fossil and 
Recent (no significant difference in length or 


LAW. 
Remarks: 


This species is similar to C. fornicata in 
general shape, but never becomes as large, 
has a muscle scar, does not form large stacks, 
and tends to have less dense pigmentation. It 
has been missed as a fossil by some who have 
not noted the muscle scar. М is similar in 
septum configuration to С. excavata, but is 
smaller and flatter. 

Crepidula marginalis (Broderip) Fig. 15 
Calyptraea marginalis Broderip, 1834: 38; 

1835: 205, pl. 29, fig. 9 (Muerte 

Island and Panama). Syntypes: 

BM(NH) 1966630. 


Distribution: 


Recent: N. Chile to Panama, on both sides 


of Panama Canal, and N. to Mazat- 
lan, Mexico. Possibly in Puerto 
Rico (museum record). 


Description: 


Shell: thin, low convex (= 1.18), spatu- 
late or triangular in shape; obliqueness: 4°: 
L/W: 1.20. Periostracum thin (п = 50). 
Beak: blunt, turned slightly to the right, at 
the level of the aperture, not rostrate or 
excavated. Septum: very shallow, planar, 
thin, covers % of aperture; sinuate margin, 
notched at center and at left side; growth 
lines and median ridge clearly visible. Muscle 
scar: absent. Sculpture: only growth lines 
(not obvious). She// color: interior brown to 
purple; septum white to bluish; exterior tan 
to purple-brown with fine radiating lines, 
especially dense at the apex. Life history: 
unknown; adults often found inter- and 
subtidally on mussels. [. max.: 32 mm; over 
200 specimens, 10 localities. 


Remarks: 


This species has long been confused with 
C. onyx (e.g., Parodiz, 1939), and has caused 
errors in the range of that species. C. 
marginalis is distinctively shaped and is never 
as large or as convex as С. onyx. It does not 
form stacks. It sometimes is a fouling organ- 
ism on hard substrates, including wood. Its 
distribution on both sides of the Panama 
Canal could be man-mediated, but may be a 
result of Miocene contact between the 
oceans. 


Crepidula monoxyla (Lesson) Fig. 14 

Calyptraea monoxyla Lesson, 1830: 391 
(Bay of Islands, New Zealand). Type 
in Paris Museum. 

Crepidula contorta Quoy € Gaimard, 
1832-33: 418, pl. 72, figs. 15-16 (New 
Zealand). 

Crypta profunda Hutton, 1873: 14 (New 
Zealand; Miocene and Pliocene). 

Crepidula monoxyla (Lesson). Tryon, 
1886: 128, pl. 37, figs. 35, 36. 


Distribution: 


Miocene and 
Pliocene: 
Recent: 


New Zealand (Suter, 1913) 
New Zealand 
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Description: 


Shell: thin to moderately thick; planar to 
low convex; obliqueness: One periostracum 
thin. Convexity: monoxyla s.s.: 1.04; form 
contorta: 1.42. L/W: monoxyla s.s.: 1.50; 
form contorta: 1.78 (n = 40 for each form). 
Beak: small, pointed, nearly _ bilaterally 
symmetrical; at the level of the shell margin; 
not extending beyond aperture. Septum: 
thin, shallow, planar to concave, margin 
undulating (no sinus); covers less than % of 
aperture. Muscle scar: small, ovate, at right 
corner of septum and shell proper; smaller 
2nd scar at left corner. Scu/pture: fine 
growth lines; fine radial threads sometimes 
visible in early growth stages. Miocene speci- 
mens have more widely spaced threads 
(Finlay, 1927). Shell color: white. L. max.: 
33 тт; 90 specimens, 13 localities. Life 
history: direct development; only 1 embryo 
per sac survives (Pilkington, 1974). 


Remarks: 


Suter (1913) equated C. monoxyla with 
C. unguiformis, but it is distinct on the basis 
of its 2 muscle scars. The double muscle 
insertions of C. costata and C. monoxyla, 
both from New Zealand, imply a relation- 
ship despite differences in more obvious 
characters. 

С. monoxyla lives either inside dead shells 
and other protected places, where it is very 
thin and planar, or exposed on convex 
surfaces, where it becomes much thicker. 
The latter growth form has been called C. 
contorta. The 2 forms have identical muscle 
scars, beaks, and septal configurations. C. 
profunda is a fossil representative. С. 
monoxyla is convergent with C. unguiformis, 
as is С. immersa, since they differ in con- 
servative characters (septum shape and 
muscle scars) while being alike in flexible 
features (color, convexity, and substrate 
preference). 

Crepidula naticarum Williamson Fig. 18 

C. rugosa naticarum Williamson, 1905: 50 
(San Pedro Bay, California). Types: 
LACM 1026. 

C. coei Berry, 1950: 36 (Sunset Beach, 
Orange County, California). Holotype 
in Stanford Paleo. Type Coll. [syn. 
nov.]. 


Distribution: 

Pleist.: San Quintin, Baja California to 

Santa Monica, California 

Recent: San Cristobal Bay, Baja California to 
San Pedro, California; Costa Rica (1 
museum specimen) and Guatemala 


Description: 


Shell: thin; convexity: 1.50; oblique- 
ness: 13°; L/W: 1.73 (n = 20). Perio- 
stracum as in C. norrisiarum. Aperture con- 
tracted, ovate. Beak: turned to the right, 
but nearly bilaterally symmetrical; blunted 
slightly, curved downward toward shell mar- 
gin but slightly above it; sometimes exca- 
vated. Septum: moderately inserted, thin, 
planar; margin nearly straight with no 
notches, sides extended only slightly; covers 
% or less of aperture. Muscle scar: 1 anterior 
to right corner of septum, faint. A 2nd 
sometimes visible at left corner. Scu/pture: 
only growth lines. She// color: Beak tan or 
pink; rest of shell exterior light tan with fine 
brown lines radiating from apex; inside pink 
to white. Life history: small eggs in numer- 
ous (more than 30) egg sacs per brood; 
assumed to develop pelagically (personal 
Observation on preserved specimens т 
LACM). L. max.: 31 тт; 65 specimens, 7 
localities. 


Remarks: 


This uncommon species is superficial- 
ly like С. norrisiarum, with which it is 
sympatric. Of Williamson’s syntypes of C. 
naticarum, 1 specimen is C. norrisiarum and 
the other is the valid С. naticarum. С. сое! is 
a straightforward synonym. 
Crepidula norrisiarum Williamson Fig. 17 
C. rugosa norrisiarum Williamson, 1905: 

50 (San Pedro Bay, California). 

Syntypes: LACM 1027. 


Distribution: 

Pliocene: San Diego, California 

Pleist.: | Los Angeles, California 

Recent: Boca de la Playa, Baja California 
to Point Reyes, California 


Description: 
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Shell: moderately thick; convexity: 1.31; 
obliqueness: 6; L/W: 1.40; shiny, thin 
periostracum; aperture ovate, expanded at 
the point of contact with the substrate 
(n = 30). Beak: untwisted, nearly bilaterally 
symmetrical, rostrate, curved downward 
toward the shell margin but free of it (at the 
margin or slightly above it); usually exca- 
vated. Septum: deeply inserted, planar or 
concave; ridged along the midline; margin 
broadly U-shaped with a small central notch 
in young shells; sides extend forward; covers 
just less than Y the aperture. Muscle scar: 2 
scars, 1 anterior to each corner of septum; 
ovate, equal in size; very distinct. Scu/pture: 
only growth lines. She// color: beak region 
pink; rest of shell exterior light reddish- 
brown with fine brown radiating lines; inside 
pink to tan; septum white. Life history: 
large eggs 0.50 mm in diameter; no plank- 
tonic larval stage (Coe, 1949). L. max.: 
35 тт; 40 specimens, 6 localities. 


Remarks: 


This species is usually on small stones or 
shells, living offshore in 6-20m of water 
(MacGinitie & MacGinitie, 1964). Rarely, it 
is intertidal. It has been confused with the 
form of C. onyx growing on ribbed bivalves. 
The ecologically equivalent species in the 
Western Atlantic is С. maculosa. С. nor- 
risiarum differs from C. adunca in color 
pattern and septal shape, and is consistently 
more elongate and slightly larger. 

Pliocene fossils reported as C. excavata 
(Broderip) by Woodring et al. (1946) match 
the description of C. norrisiarum much more 
closely. Unworked fossils in the collections 
at the San Diego Natural History Museum 
from the San Diego Formation also appear 
to be this species. Many Recent C. norrisi- 
arum shells have been misidentified as С. 
excavata, or as C. arenata (Broderip), al- 
though the 2 muscle scars, smaller size, and 
shape of the septum of С. norrisiarum make 
it quite distinct. 


Crepidula onyx Sowerby Fig. 16 


C. onyx Sowerby, 1824: fig. 2, descrip- 


tive letterpress (no locality). 

Calyptraea amygdalus Valenciennes, 
1846: pl. 15, fig. 3 (no locality). 

С. rugosa “Nuttall”” Carpenter, 1856: 
224, ex Jay, 1839: 41 (Upper Califor- 
nia). Nomen nudum. Possible syntypes: 
BM(NH). Non C. rugosa Anton, 1839. 


C. onyx Sowerby. Carpenter, 1857a: 278. 

C. onyx Sowerby. Dall, 1909b: 174, pl. 
23, figs 2 5 

C. onyx Sowerby. Parodiz, 1939: 700, pl. 
fig. 12 


Distribution: 
Miocene: Southern California 


Pliocene: San Diego to Los Angeles County, 
California 


Pleist.: Baja California to Palos Verdes, 
California (Woodring et al., 1946) 
Recent: Puntarenas, Costa Rica to San 
Pedro, California; possibly as far S 
as Panama (Pacific only) 
Description: 


Shell: thick; convexity: 1.41; oblique- 
ness: 12°; ovate; L/W: 1.55; covered with 
shaggy brown periostracum (n = 50). Beak: 
blunt: turned 90” to the right; at level of 
aperture; not rostrate; not excavated; not 
extending beyond aperture. Septum: shal- 
low, thick, opaque, concave; covers Y or 
more of aperture; margin with a notch at left 
side and in center. Muscle scar: absent. 
Sculpture: only growth lines, often coarse. 
Shell color: inside: chocolate brown, white 
septum ringed with brown; outside: brown 
to tan, intergrading; dark radial lines. Life 
history: numerous small eggs 0.16-0.18 mm 
in diameter; planktonic larval stage; adults 
form large stacks. Radula (Fig. 24): inner 
marginal: > to 2: Outer marginal: 5 to 5. 
Other formulae below. [. max.: 67 тт; 
over 200 specimens, 15 localities. 


Remarks: 


This species 15, in shape, size, and habits, 
the ecological equivalent of Crepidula forni- 
cata of the Western Atlantic. Its distribution 
is more southern and it has not been as 
successful in invading new regions. 

The synonym С. rugosa ‘‘Nuttall’’ Car- 
penter is based on a form which grew on a 
ribbed shell. С. ap/ysioides Reeve from Brasil 
and Argentina is flattened and lighter in 
color, with a narrow beak and a rounded 
aperture. It is not C. onyx, as thought by 
Parodiz (1939). Comparison of details of the 
radula of C. onyx with the Argentinian 
material illustrated by Parodiz confirms the 
distinction. The central tooth of C. onyx is 
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proportionally broader and has a formula of 
4-1-3 2-1-2 VE, . 
between OA and 00: Parodiz’s drawing 


0-0 * 
hook-shaped with no cusps, while in C. onyx 
it is a complicated tooth with a formula of 
2-1-5 to 3-1-6 

0 Ose 

Parodiz (1939) considers C. marginalis a 
synonym of C. onyx, and from Broderip's 
original illustration | might agree. However, 
study of intrapopulation variability proves 
the distinctness of С. marginalis in septal 
shape and convexity. 

Parodiz (1939) synonymizes C. porcel- 
lana (Linnaeus) from West Africa under C. 
onyx. Not only are there morphological 
differences, but Knudsen (1950) states that 
C. porcellana has eggs 0.5 mm in diameter, 
and releases the young at the crawling stage; 
hence it is unlike C. onyx in this respect. 
Dall (1909b) erroneously places C. hepatica 
Deshayes (unknown locality) under С. опух; 
it has a similar liver shell color but is always 
smaller, narrower, and more rostrate. Olsson 
& Harbison (1953) add confusion in stating 
that “C. onyx Sowerby from the Pacific 
Coast of Central America’’ has a muscle scar. 
The specimens to which they refer were 
misidentified. 

C. onyx is variable in shape, thickness, 
color, and size along the length of its 
geographic range. Some specimens from Baja 
California are small and pale in color. Ana- 
tomically, C. onyx differs from C. fornicata 
(and all other Crepidula species | have seen 
alive) in having a mantle margin pigmented 
with dark radial stripes and fringed with 
short tentacle-like extensions. Also, the 
penis does not always resorb in the female 
stage. This is true in C. convexa as well, but 
not in C. fornicata. The veliger of C. onyx 
differs from that of C. fornicata in having 
proportionally longer cilia on the velum and 
more intense pigment spots. 


shows a formula of Parodiz’s lateral is 


Crepidula pileum (Gabb) 


Crypta (Spirocrypta) pileum Gabb, 1864: 
137, 228, pl. 29, figs. 233a,b (Tejon, 
California; Eocene). 

Crepidula pileum (Gabb). Dall, 
358. 

Unnamed Crepidula “precursor,” sp. 
nov. Dal 21910: 119), ol. 9, Figs. 3 
(Chichagof Cove, Alaska; upper beds, 


1892: 


Eocene). 

C. inornata Dickerson, 1916: 432, 489, 
pl. 38, figs. 5a,b (Tejon, California; 
Eocene). 

C. dickersoni Weaver & Palmer, 1922: 31, 
pl. 11, fig. 2; pl. 12, fig. 9 (West bank 
of Cowlitz River, Lewis County, Wash- 
ington). Type in University of Wash- 


ington Paleo. Coll. [fide Stewart, 
1926: 342]. 
Distribution: 
Upper Eocene: California (Tejon Group); 
Washington State; ?Alaska 


(dating uncertain) 
Description (from original description) : 


Shell: globose; L/W: 1.30. Beak: small; 1 
whorl at least, turned and appressed to 
side of shell; not rostrate; not excavated. 
Septum: shallow, concave, oblique; margin 
sinuous; covers Y of aperture. Muscle scar: 
unknown. Scu/pture: only fine growth lines. 
L. max.: 15.5 mm. 


Remarks: 


The importance of C. pileum is that it 
dates the genus Crepidula in the Eocene of 
California. Another calyptraeid, Ga/eropsis 
excentricus (Gabb), was found at the same 
locality (Conrad, 1866). Dall (1910: 119) 
describes a Crepidula “precursor” from the 
Eocene of Alaska (Chichagof Cove) of the 
same size and general shape as C. pileum. 
According to Dall, the primary difference is 
a “beak less spiral’’ in the new unnamed 
specimen. This is not a species-discriminating 
character. The septum of Dall's “species”” is 
inaccessible. 


Crepidula plana: see C. unguiformis group. 
Crepidula princeps Conrad 


C. princeps Conrad, 1856: 326, pl. 6, figs. 
52-52a (Santa Barbara, Santa Barbara 
Formation; Late Pliocene-Early Pleis- 
tocene). Holotype: USNM 1839. 

C. princeps Conrad. Addicott, 1970: 63, 
pl. 4, figs. 16, 19-21. 


Distribution: 


Miocene: San Diego to southern Washington 
State 
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Pliocene: San Diego to Washington State 
(including Empire Formation, 
Oregon) 

Santa Barbara to Monterey, Cali- 
fornia (rare, adventitious?) 


Pleist.: 


Crepidula princeps var. praerupta Conrad 


C. praerupta Conrad, 1849: append., 
p. 727, pl. 19, figs. 9-10 (Astoria, 
Oregon; Miocene). Lectotype: USNM 
3564. 

C. ungana Dall, 1910: 119, pl. 10, figs. 
8-9 (Coal Bluff, Unger Island, Alaska; 
Miocene). Holotype: USNM. 


Distribution: 

?Eocene: Oregon (Conrad, 1866; dating 
may be in error) 

Oligo.: Washington State 

Miocene: Oregon (Astoria Formation); 
Alaska (Dall, 1892); Upper 
Vaqueros (L. Miocene) of Cali- 
fornia (Loel & Corey, 1932); 
Templar Formation (U. Miocene) 
of Bakersfield, California 

Description: 


Shell: massive, highly convex; oblique; 
aperture elliptical; L/W: 1.50; largest known 
species (n = 50). Beak: large, sharply twisted 
to right side and turned upward, often 
appressed to body whorl above plane of 
aperture; not rostrate; not excavated; early 
whorl inflated, extending behind and lateral 
to the aperture; a sulcus between beak (1st 
whorl) and major body whorl. Septum: 
recessed, thick, concave; attached farther 
forward on left side; margin curved with 
wide notch at right side; covers Y of 
aperture. Muscle scar: large, ovate to round, 
forward of shelf on right side of shell. 
Sculpture: mone except fine growth lines. 


Life history: lived in stacks and clumps in 
muddy bays, occurring in high density in 
some areas; often bored by sponges and 
Polinices sp. L. max.: 125 mm; over 200 
specimens, 18 localities. 


Remarks: 


The specimens named С. praerupta differ 
from C. princeps by being shorter (max. 
length: 30 mm) and less massive. According 
to Moore (1963: 26) they differ also in that 
“the apex is curved in a plane that parallels 
the aperture,”” but beak curvature varies on 
specimens supposed to be C. praerupta. The 
lectotype is indistinguishable from small C. 
princeps, except for a relatively narrower 
beak. Moore (1963) synonymizes C. rostralis 
Conrad (= C. adunca) with C. praerupta 
despite the rostrate, barely twisted beak of 
the former. C. ungana of the Miocene of 
Alaska is a specimen intermediate between 
C. praerupta and C. princeps (L. = 38 mm). 
The beak is narrow and recurved, and stacks 
have been preserved. Addicott (1970) points 
out that characters dealing with shape of the 
septum cannot be used to distinguish the 2 
“species,” nor can beak shape, nor shell 
convexity. Since typically large C. princeps 
have not been found co-occurring with the 
variant praerupta, the latter may well be a 
small subspecies of C. princeps. 

Dall (1909a) suggests that Crepidula 
princeps found in Pleistocene strata are 
adventitious, derived from older adjacent 
faunas. However, Miocene specimens from 
the Jewett Sand and Pliocene specimens 
from the Empire Formation (Oregon) are 
more coiled than early Pleistocene represent- 
atives from the Santa Barbara Formation 
(Addicott, 1970). 


Crepidula protea d’Orbigny Fig. 19 
С. protea d’Orbigny, 1841: 465; 
1842-53: 192, pl. 24, figs. 30-33 


—— + 


FIG. 20. C. plana from Massachusetts, 2 views; a) dorsal, L = 41.0 mm; small males occupied the shell, one 
is still in place; b) ventral, same specimen. 


FIG. 21. С. nummaria from Puget Sound, 2 views; a) dorsal, L = 33.8 mm; heavy periostracum is present; 
b) ventral, same specimen. 


FIG. 22. С. /essonii from Panama (Pacific), 3 views; a) dorsal, L = 19.8 mm; b) ventral, same specimen; с) 
lateral, showing foliations; same specimen. 


FIG. 23. С. grandis from Bering Strait, Alaska, 3 views; a) dorsal, with flaking periostracum; L = 56.3 mm; 
b) ventral, same specimen; muscle scar is accentuated with ink lines; с) lateral, same specimen. 
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FIG. 17. Crepidula norrisiarum from Southern California, 3 views; a) dorsal, L = 18.6 mm); b) ventral, L = 
32.5 mm; muscle scars were accentuated with ink dots; c) lateral, male and female on a Norrisia shell; L of 
female = 19.5 mm. 


FIG. 18. Paratype of С. coei Berry (= С. naticarum) from Southern California, 2 views; a) dorsal, L = 
14.6 тт; b) ventral, same specimen. 


FIG. 19. С. protea from Brazil, 3 views; a) dorsal, L = 30.8 mm); b) ventral, same specimen; c) lateral, same 
specimen. 
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(Antilles; coast of Patagonia; ‘’Mal- 
donado, Brazil’). 
C. protea d'Orbigny. Parodiz, 1939: 702. 
Distribution: 


Pliocene: Argentina 


Pleist.: Argentina 

Recent: Atlantic coast of South America, 
southernmost Antilles to Pata- 
gonia 

Description: 


Shell: thin, planar to slightly convex, 
convexity: 1.19; obliqueness: 5°; aperture 
subeircular; L/W: 1.30; thick periostracum 
(n = 12). Beak: small, turned slightly to 
right, at level of or above shell margin; does 
not extend beyond it; not excavated. Sep- 
tum: shallow, planar; sulcus at left side, 
slight notch in center of margin; covers 
slightly less than % aperture. Muscle scar: 
absent. Sculpture: none except growth lines. 
Shell color: white to tan; often yellow lines 
along sides of septum. L. max.: 33 mm; 12 
specimens, 3 localities. 


Remarks: 


Crepidula protea occupies flat, dark, shel- 
tered sites. From its septal configuration it 
appears to be closely related to C. dilatata, 
but lack of a muscle scar suggests a close 
relationship with С. unguiformis. lt may be 
an offshoot from the C. unguiformis-plana 
group. D’Orbigny states vaguely that North 
American specimens (С. p/ana, undoubtedly) 
might be within his concept of C. protea. 
Dall (1889c) suggests that C. protea equals 
C. unguiformis. 


Crepidula unguiformis group 
Crepidula unguiformis Lamarck 


Patella crepidula Linnaeus, 1767: 1257 
(Mediterranean Sea). Type: Linnaean 
Society, London, no. 587. Nomen 
oblitum. 

?P. goreensis Gmelin, 1791: 3694 (Isle 
Согее [West Senegal] ). 

Crepidula fasciata de Roissy, 1805: 238 
(Senegal and the Mediterranean Sea). 
Nomen oblitum. 

C. ¡talica Defrance, 1818: 397 (no local- 


ity; Tertiary). Nomen oblitum. 

C. unguiformis Lamarck, 1822: 25 (Bar- 
bary [Northern Africa]). Type т 
Geneva Museum, fide Mermod, 1950: 
123: 

C. sinuosa Turton, 1825: 364, pl. 13, fig. 
5 (Scarborough, Yorkshire, England) 
[fide Philippi, 1836: 120]. 

C. candida Risso, 1826: 255, pl. 10, fig. 
138 (Nice and the Maritime Alps, 
France; Tertiary) [fide Saussaye, 
1869: 96]. 

C. crepidula (Linnaeus). O. G. Costa, 
1829: 120, 125. 

С. calceolina Deshayes, 1830: 26 (Indian 
Ocean; fossil in Italy, Sicily, and near 
Vienna). 

C. sandaliformis de Serres, 1830: 77 
(Upper deposits, eastern Pyrenees; Ter- 
tiary) [syn. nov.]. 

С. sandalina Deshayes, 1833: append., pl. 
2-3 (Sicily, Pliocene; Bordeaux, Mio- 
cene; Europe, Recent) [syn. nov.]. 

C. rugosa Anton, 1839: 28 (no locality, 
fossil). 

С. unguiformis Lamarck. С. В. Adams, 
1852: 230 (complete synonymy). 

2С. deshayesii Folin, 1867: 28, pl. 4, figs. 
9-10; (Pearl Islands [Panama, Pacific] ) 
[fide Tryon, 1886]. Syntypes: Mu- 
seum d’Histoire Nat. de Bayonne (fide 
Kisch, 1960: 145). 

C. unguiformis Lamarck. Bucquoy et al., 
1886: 460, pl. 55, figs. 8-11. 


Distribution: 


Miocene: Vienna Basin; southern France; 
Switzerland; N. Italy; Venlo, Hol- 
land 

Pliocene: Italy; Algeria; Belgium; S. France 


Pleist.: Monte Pellegrino (Italy) 

Recent: Mediterranean and Adriatic Seas; 
coast of Portugal; ?West Africa (all 
from museum and literature rec- 
ords) 

Description: 

Shell: thickness variable; convexity: 


- 1.08; obliqueness: 3 ; aperture ovate to 
spatulate; L/W: 1.43 (п = 20). Beak: 
pointed, directed posteriorly; at level of shell 
margin but detached from it; protoconch 
minute. Septum: shallow, often convex; 
sulcus at left side and shallow notch in 
center of septal margin; ridged along midline 
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in young shells; septum covers Уз to Y of 
aperture. Muscle scar: absent. Sculpture: 
none except growth lines. She/l color: white 
or tinged with yellow; yellowish periostra- 
cum. Life history: preferred habitat inside 
dead shells of other gastropods or under 
rocks; does not form stacks of more than 3. 
L. max.: 38 тт; over 50 specimens, 19 
localities, fossil and Recent combined. 


Remarks: follow С. plana. 
Crepidula unguiformis var. cochleare Basterot 


C. cochleare Basterot, 1825: 71, pl. 5 
fig. 10 (Merignac, France; Tertiary). 


, 


Distribution: 
Miocene, Pliocene: Vienna, Bordeaux, Italy 


Description (differences from С. 
unguiformis): 


Shell: convexity: 1.20; obliqueness: 4°; 
L/W: 1.44. Beak: nearly bilaterally symmet- 
rical, prominent. 


Remarks: follow C. plana. 


Crepidula plana Say Fig. 20 

C. plana Say, July, 1822: 226 (coast of 
the United States). Type lost. 

C. depressa Say, 1822: 225 (southern 
coast of the United States). Type lost. 

C. lamina H. C. Lea, 1843: 164. Nomen 
nudum; 1846: 250, pl. 35, fig. 42 
(Petersburg, Virginia; Tertiary). 

C. rhyssema Olsson € Harbison, 1953: 
278, pl. 47, figs. 4, 4a-c (St. Peters- 
burg, Florida; Pliocene) [syn. nov.]. 
Holotype: ANSP 18026. 


Distribution: 


Miocene: Santo Domingo to Nantucket, 
Massachusetts (including York- 
town Formation) 

Pliocene: Florida to Massachusetts (includ- 
ing later stages of Yorktown For- 
mation) 


Pleist.: Florida to Nantucket, Massachu- 
setts (including Waccamaw, Caloo- 
sahatchee Formations) 

Recent: Trinidad to Prince Edward Island; 


Buenos Aires to Uruguay; parts of 
Venezuela; Texas 


Description (differences from C. 
unguiformis) : 


Shell: convexity: 1.00; obliqueness: 0”; 
L/W: 1.66. Life history: planktonic larval 
stage (unknown for C. unguiformis). Egg 
diameter 0.136 mm (Conklin, 1897). Radula 


(fig. 24): central tooth formula: a to 
e Lateral: aie to a Inner mar- 


ginal: 2 to E (most of the variability 15 


between radulae). Outer marginal: рю = 


(most often at L. max.: 47 mm; over 200 


specimens, over 50 localities (Recent). Fossil 
specimens not significantly different in size 
or shape. 


Remarks: 


The Crepidula unguiformis group is com- 
posed of the white, flat Crepidula species 
with photonegative habits and which are 
found in Europe and the Western Atlantic. 
As was customary at the time, Lamarck 
(1822) provided the name C. unguiformis in 
order to avoid tautonymy. The type-speci- 
mens of Patella crepidula in the Linnaean 
collection are actually Crepidula walshi of 
the Indian Ocean and China Sea. Because 
there are unusually many specimens for 
Linnaeus’ time (6) and because the type- 
locality is the Mediterranean Sea, it appears 
that the specimens have been replaced. To 
clarify the matter, specimens from the Mu- 
seum Ludovicae Ulricae Reginae must be 
examined, as the published descriptions are 
too vague to distinguish С. walshi from С. 
unguiformis. 

Crepidula sinuosa, C. candida, C. calceo- 
lina and С. sandalina are straightforward 
synonyms; C. sandaliformis is an irregular 
form with deeply impressed growth lines. 
Calyptraea (= Crepidula) monoxyla (Lesson) 
from New Zealand was thought by Suter 
(1913) to be C. unguiformis, but is distinct. 
Some specimens of C. monoxyla are labeled 
C. crepidula in American collections (MCZ; 
ANSP). The Eastern Pacific locality and the 
description indicate that С. deshayesii could 
equal С. /essonii (Ranson, in Kisch, 1960). 


390 HOAGLAND 


С. goreensis from the island of Goree may be 
a foliated form of C. unguiformis. 

Crepidula cochleare is slightly convex, 
and is probably only a form of C. ungui- 
formis occupying a convex substrate. There 
are also Florida Miocene specimens with this 
shell shape, and comparable specimens can 
be found in the Mediterranean Sea today. 

Indistinguishable from Crepidula ungui- 
formis on the basis of shell characters is C. 
plana of the Western Atlantic. Several 
authors have pointed out the seeming identi- 
ty (С. В. Adams, 1852; Bucquoy et al. 
1886), but have been reluctant to synony- 
mize them due to geographical distinctions. 
Both names are well-established in the litera- 
ture. The cryptic, clinging habit of this snail 
(attachment to wood, man-made substrate 
and loose objects such as dead shells often 
co-occupied by hermit crabs) coupled with 
its 2-to-5 week planktonic larval stage, 
makes it possible for the same species to be 
distributed on both sides of the Atlantic. 
Both C. plana and C. unguiformis are eury- 
topic. Some specimens of C. unguiformis 
from Greece have brown pigment on the 
shell, but a few from Texas do also. 

The name Crepidula depressa Say has 
page precedence over C. plana, but never 
came into use. С. /ат/па was described from 
weathered fossil material with prominent 
growth lines. C. rhyssema is also fossil, a 
slightly convex form. 

Some members of the Pacific species 
group to be described next have been called 
Crepidula unguiformis. This would give the 
species broad longitudinal distribution in 
nearly all latitudes. This is a rare situation 
among shallow-water gastropods including 
Crepidula, and is contra-indicated by con- 
sistent differences in color (С. /essonii, С. 
striolata) and larval form (C. nummaria, C. 
perforans). 

Gray (1857) figured the radula of the 
European Crepidula unguiformis. Compari- 
son with the radulae of several individuals of 
C. plana and a drawing in Dall (1889b) of a 
C. plana radula reveal no consistent differ- 
ences (Fig. 24). The inner marginal tends to 
have fewer cusps in C. plana than shown in 
Gray's drawing, but the number is variable, 
and Gray's figure appears to be slightly 
stylized. The outer marginal of C. plana has 
5 small cusps not shown by Gray, but 
occasionally they are absent. Thus С. р/апа 
and С. unguiformis could be synonymous on 
the basis of radula characters. If they are the 


same species, C. plana and C. unguiformis 
have disjunct distributions (separated by the 
Atlantic Ocean) with low gene flow. Final 
disposition of the matter awaits anatomical 
study of С. unguiformis. 

The veligers of Crepidula plana and C. 
fornicata are readily distinguished by a near 
total lack of pigment spots in the former. 
Settling veligers of С. plana are photonega- 
tive whereas those of C. fornicata are photo- 
positive. 


Eastern Pacific planar Crepidula group 


Crepidula nummaria Gould Fig. 21 

С. nummaria Gould, 1846: 160 (Classet, 
Puget Sound [Washington]). Holo- 
type: USNM 5870. 

?C. minuta Middendorff, 1849a: 101, pl. 
11, figs. 6-7 (Sitcha Island, Alaska) 
[syn. nov.]. 

С. navicelloides ''Nuttall”” Carpenter, 
1864 (ex Jay, 1839: 41): 654 (Upper 
California). Nomen nudum. 

Crypta (lanacus) unguiculus H. & A. 
Adams, 1858 (ex Sowerby ms.): 370 
(no locality) [syn. nov.] . 

Crepidula nivea var. glottidiarum Dall, 
1905: 26 (San Pedro, California). 


Distribution: 


Pliocene: San Diego to Monterey, California 
(Grant & Gale, 1931) 


Pleist.: San Pedro to Monterey, California 
Recent: San Pedro to Puget Sound 
(LACM); Mount Edgecumbe, 
Alaska (Dehnel, 1955); Mazatlan 
to Bering Strait (Dall, 1921) 
Description: 
Shell: thick; convexity: 1.10; oblique- 
ness: 1; L/W: 1.38 (variable); shaggy, 


brown periostracum (n = 50). Beak: small, 
straight or inclined slightly to right; at level 
of shell margin; not excavated; beak does 
not extend beyond aperture. Septum: shal- 
low, planar to convex, ridged along midline; 
covers less than Y aperture; moderately 
deep, U-shaped sulcus at left side and shal- 
low notch to right of or at center of septal 
margin. Muscle scar: absent. Sculpture: only 
growth lines. Color: white. Life history: no 
planktonic larval stage; early embryo diame- 
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ter: 0.40mm (Dehnel, 1955). L. max.: 
40 mm; over 200 specimens, over 50 local- 
ities. 


Remarks: follow C. striolata. 


Crepidula lessonii (Broderip) Eig. 22 

Calyptraea lessonii Broderip, 1834: 39; 
1835: 204, pl. 29, fig. 5 (Island of 
Muerte [Ecuador] ). 


Distribution: 


Recent: Paita, Peru, to San Felipe, Baja 
California 


Description: 


Shell: thick, laminated; concave to slight- 
ly convex; convexity:1.07; obliqueness: 0.3° 
subcircular to ovate; L/W: 1.28 (n = 15). 
Beak: curved to right side; at or slightly 
above level of aperture, not extending be- 
yond it; not excavated. Septum: as in C. 
nummaria; deep sulcus at left side. Muscle 
scar: absent. Scu/pture: growth lines promi- 
nent; laminated. She// color: white, often 
streaked with brown rays; white interior, 
sometimes with brown spots or rays; apex 
with pigment in most cases. Life History: 
found under rocks; larval stage unknown. L. 
max.: 28 mm; 50 specimens, 10 localities. 


Remarks: follow C. striolata. 
Crepidula perforans Valenciennes 


C. perforans Valenciennes, 1846: pl. 24, 
fig. 9 (Pacific America). 

C. explanata Gould, 1853: 377, pl. 14, 
fig. 7 (Monterey and Lower Cali- 
fornia). Holotype: MCZ 169137; para- 
types: MCZ 169138. 

C. fimbriata Reeve, 1859: pl. 2, fig. 11 
(Vancouver Straits, Canada). 

С. exuviata ‘‘Nuttall’”” Reeve, 1859 (ex 
Jay, 1839: 41): pl. 5, fig. 28 (Mon- 
terey, California). 


Distribution: 


Pleist.: Monterey, California 

Recent: Mazatlan to Monterey, California; 
to Vancouver Straits, Canada (dis- 
tribution patchy) 


Description: 


Shell: thickness variable; shell layers 
often separated; concavity: - 1.05; oblique- 
ness: 0.3°; elongate; L/W: 1.79 (n = 25); 
periostracum thin. Beak: large larval shell, 
beak directed almost posteriorly; at level of 
aperture, not extending beyond it; not exca- 
vated. Septum: as in C. nummaria. Muscle 
scar: absent. Scu/pture: growth lines promi- 
nent; often, when in pholad hole, a groove 
runs from anterior to posterior on the dorsal 
surface, forming a water channel. Shell 
color: white. Life history: nonplanktonic 
development. Egg diameter: 0.5 mm (Coe, 
1949). L. max.: 35mm; 50 specimens, 5 
localities. 


Remarks: follow C. striolata. 
Crepidula nivea C. B. Adams 


C. nivea C. B. Adams, 1852: 234 (Pan- 
ama). Lectotype: MCZ 186291; para- 
lectotype: MCZ 186292. 

C. nebulata Mabille, 1895: 57 (Lower 
California). Type in Paris Museum. 


Distribution: 
Recent: Panama to Southern California 
Description (differences from C. nummaria): 


Shell: thin; periostracum moderately de- 
veloped. Beak: protoconch tiny. Scu/pture: 
apical riblets. She// color: entirely white 
(unlike С. striolata). L. тах.: 45 тт; 35 
specimens, 5 localities. 


Remarks: follow C. striolata. 


Crepidula striolata Menke 


Calyptraea squama Broderip, 1834: 40; 
1835: 205, pl. 29, fig. 10 (Panama). 
Non Calyptraea squama Deshayes, 
1830. 

Crepidula striolata Menke, 
(Mazatlan, Mexico). 

C. strigellata Dunker, 1853: 111 (no 
locality). Syntypes in BM(NH). [syn. 
nov.]. 

C. williamsi Coe, 1947: 241, text figs. (at 
16 meters off North Coronado Island, 
Lower California). Holotype: Calif. 
Acad. Sci.; paratypes: San Diego NHM 
[syn. nov.]. 


16312033 
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Distribution: 


Recent: Canal Zone, Panama to San Diego, 
California 


Description (differences from С. /essonii): 


Shell: thinner. Sculpture: growth lines 
only. Shell color: white with brown rays at 
apex, rarely extending the full length of the 
shell. Life history: broods young; no plank- 
tonic larval stage. Egg diameter: 0.45 mm 
(Coe, 1949); often in tidepools. [. тах.: 
35 mm; 30 specimens, 4 localities. 


Remarks for the entire Eastern Pacific 
planar Crepidula group: 


This is the most difficult species group to 
deal with on the basis of shell characters. 
The fossils, with the exception of foliated 
individuals from Monterey, look alike 
throughout the Eastern Pacific coastal re- 
gion. Carpenter (1957a) wrote that the 
various growth forms of white Pacific 
Crepidula should all be referred to C. nivea 
on the basis of shell characters; the degree of 
foliation, coloring, and septal shape are 
variable within the named forms. 

These Pacific forms often have a promi- 
nent, slightly turned apex and a deep septal 
notch, as well as some pigmentation, which 
separate them from the C. unguiformis-C. 
plana group. They are more variable in 
habitat as well, for the Atlantic species is not 
common underneath boulders as is C. num- 
maria, but prefers the smooth inner surfaces 
of shells. C. nummaria is a shallow-water 
species and is found in tidepools. The Pacific 
and Atlantic planar Crepidula species must 
have been long isolated, but within the last 
50 years oyster transplantation has brought 
C. plana potentially in contact with the 
native Pacific snails. However, J. Carlton 
(personal communication) states that C. 
plana remains inside bay regions, while C. 
nummaria and C. perforans are outside. 

On the basis of shell characters, it is not 
possible to tell if the Eastern Pacific and 
Western Atlantic groups have diverged or if 
their origins were separate. The two groups 
share such stable traits as muscle placement 
and septal shape. They possibly evolved 
from a common stock in the Miocene, when 
the oceans communicated in the region of 
Panama. The Pacific C. perforans, as | have 
defined it, is morphologically similar to C. 


unguiformis, and in fact Carpenter (1857a; 
1863) used the name C. unguiformis for the 
Pacific species. 

С. lessonii is separable from the other 
basically Pacific white Crepidula species by 
its unique color pattern, high degree of 
lamination, deep septal sulcus, and smaller 
adult size. C. striolata is smooth; often the 
pigment occurs only at the apex. There are 
ecological differences between the 2 forms, 
due to life in different microhabitats. C. 
lessonii was described from specimens occur- 
ring under large rocks, in protected regions. 
Specimens of С. /essonii are laminated in 
varying degrees, that is, the shell layers are 
separated at the growth lines. Lamination is 
enhanced by life in still waters; it occurs 
most obviously in thick shells such as those 
depositing extra calcium carbonate to com- 
bat boring sponges. There seems to be a 
genetic component in the capacity to form 
laminations, with degree of expression of the 
trait depending on local conditions. Lamin- 
ated shells are not found in the C. ungui- 
formis group in similar habitats. There are 
specimens intermediate in degree of shell 
lamination, hence C. striolata might equal C. 
lessonii. One population from Panama 
(ANSP 154029 and 154031) shows a range 
of variation, and is difficult to sort into C. 
striolata and С. lessonii. Carpenter (1857b, 
pl. 8) shows the range of growth forms of 
both С. /essonii and С. nummaria. 

Smith (1946) separates C. perforans and 
C. nivea on admittedly weak evidence of 
shell shape and species ranges. С. perforans 15 
widespread, and can occupy abandoned 
pholad holes. But more than 1 white species 
can use this substrate; taxonomy should not 
be based on it. The shell thickness of C. 
perforans is highly variable depending upon 
the substrate. Specimens from pholad holes 
are thick; those living on other shells are 
thin. 

Smith (1946) separates C. nivea and C. 
nummaria on the strength of periostracum 
development. | have found intermediates, 
and dispute the usefulness of this character 
alone. Carpenter (1863) stresses the small 
riblets on the apex of C. nivea, but these 
disappear on worn shells, including most 
adults. C. nivea does have a smaller proto- 
conch than C. nummaria (Berry, 1955), but 
this character can only be observed on 
young, well-preserved shells. Keen (1971) 
synonymized C. nivea under C. striolata. 

Dehnel (1955) studied growth of 1 planar 
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Crepidula species from Southern California 
and Mount Edgecumbe, Alaska. He called 
the species C. nummaria but did not figure 
or describe the adult, nor did he mention 
taxonomic difficulties. The animal brooded 
its young to the crawling stage, with 20-600 
young per brood. 

Illustrated specimens of the Alaskan 
Crepidula minuta are small and planar. It 
would be of interest to examine their 
method of rearing young; presence of a 
planktonic larval stage would separate them 
from C. nummaria. C. nivea var. glottidiarum 
is a form living on the brachiopod G/ottidia; 
some individuals so identified are C. nati- 
carum. C. depressa Lesson (1830: 394) from 
Chile and Peru is also a synonym of one of 
the Pacific white planar Crepidula species, 
but which one cannot be established. 

The arrangement of species above is 
tentative, making the best sense out of 
insufficient data and historical errors. It 
might possibly be that brooding of the 
young is a trait varying intraspecifically in 
some species. This is known to be true for 
the polychaete Cirriformis  tentaculata 
(George, 1967) and has been reported in 3 
species of vermetids (Hadfield, 1972), which 
may facultatively retain embryos. However, 
brooding to the crawling stage in Crepidula 
is accompanied by mandatory production of 
fewer, larger, yolkier eggs, and absence of a 
planktotrophic larval stage. Crepidula species 
with partial brooding produce plankto- 
trophic young. Those Crepidula species oc- 
cupying restricted habitats such as pholad 
holes have selection pressure for retaining 
the young so that they are insured favorable 
substrate. 

Experiments testing genetic variability 
within this species complex would be valu- 
able in unraveling its history and present 
status. 


Crepidula walshi Reeve 


C. excisa Philippi, 1849: 24 (Mergui, 
Burma, inside empty shell). Type lost. 
Nomen oblitum. 

Calyptraea plana Adams & Reeve, 1850: 
70, pl. 11, fig. 3 (China Sea). Non 
Crepidula plana Say, 1822. 

Crypta (Ergaea) walshi ''Herrmannsen’’ 
H. & A. Adams, 1858: 370 (Singapore 
and Ceylon). Nomen nudum. 

C. plana (Adams & Reeve). H. & A. 
Adams, 1858: 370. 


Crepidula walshi [(Н. & A. Adams)]. 
Reeve (ex ‘’Herrmannsen’’), 1859: pl. 
3, figs. 17a,b (Singapore and Ceylon). 

C. scabies Reeve, 1859: pl. 3, fig. 18 
(China Sea). Type in BM(NH). 

Crypta lamellosa A. Adams, 1862: 297 
(Gotto Islands, Japan, 88 m). 

Ergaea walshi [(Н. & A. Adams)]. Gray 
(ex ‘‘Herrmannsen’’), 1867: 740. 

Crepidula walshi [(H. & А. Adams)]. 
Tryon (ex ”"Herrmannsen”), 1886: 
130, pl. 38, figs. 56-58. 

C. orbella Yokoyama, 1920: 76, pl. 4, 
figs. 22-23 (Naganuma Zone, Miura 
Peninsula, Japan; Upper Pliocene). 
[syn. nov.]. 


Distribution: 
U. Pliocene: Japan: Naganuma Zone (Yoko- 


yama, 1920); Miura and Boso 
Peninsulas (Taki, 1938) 


Recent: Japan; Iranian Gulf (Thorson, 
1940); China Sea; Indian Ocean 
to Borneo. From Japan to as 
far S. as Arafura Sea off Dar- 
win, Australia 

Description: 


Shell: small to medium sized, thin; con- 
vexity: -1.08; obliqueness: 5 ; aperture 
wider than long; L/W: 0.79; right side more 
expanded than left (n = 20). Beak: mini- 
scule, twisted to right; near level of posterior 
margin; not excavated; expansion rate rapid. 
Septum: shallow, convex; attached along 
posterior margin and only % the length of its 
sides; overlapping fold in septum; septum 
covers about % of aperture. Muscle scar: 
absent. Scu/pture: fine growth lines. She// 
color: entirely white. Life history: larval 
stage planktonic; egg diameter: 0.19 тт 
(Ishiki, 1939). L. max.: 26 тт; 50 speci- 
mens, 8 localities. W. тах.: 30 тт; 65 
specimens, 14 localities. 


Remarks: 


Once placed in the subgenus Siphopatella 
Lesson, Crepidula walshi is closest to the 
genus Crucibulum of all the species of 
Crepidula. Several other generic names have 
been erected for it (Taki, 1933, 1938; Table 
4). Its geographical distribution in the Near 
and Far East is unique in Crepidula. C. 
scabies is probably an irregular growth form, 
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as is C. orbella. C. lamellosa is a laminated 
form. С. chinensis Gray may be a synonym 
(see nomina dubia section). 


Crepidula wilckensi Finlay 


C. incurva Zittel, in Zittel et al., 1864: 
44, pl. 15, fig. 9 (New Zealand; Terti- 
ary). Non С. incurva Broderip, 1834. 

С. wilckensi Finlay, 1924: 101. New 
name for C. incurva Zittel, 1864, non 
C. incurva Broderip, 1834. 


Distribution: As above. 
Description (after Finlay, 1924): 


Shell: ovate, moderately to highly con- 
vex, similar to that of С. gregaria. Beak: 
more tapering than on С. gregaria. Septum: 
longer than in С. gregaria; margin concave, 
not bisinuate. Muscle scar: unreported. 
Sculpture: faint growth lines. Shell color: 
unreported. 


Remarks: 


According to Finlay (1924), this form 15 
not synonymous with С. gregaría as previ- 
ously believed (Ortmann, 1902). The shape 
of the septum is the most convincing differ- 
ence. 


Crepidula youngi (Powell) 


Maoricrypta youngi Powell, 1940: 232, 
pl. 33, figs. 12-13 (Cape Maria van 
Diemen, New Zealand). Holotype: 
Auckland Museum; paratypes: ANSP 
240358. 


Distribution: As above. 
Description: 


Shell: ovate, low convex, moderate-sized. 
Beak: narrow, rostrate, directed posteriorly; 
not extending beyond aperture; not exca- 
vated. Septum: planar, no deep sulci, margin 
concave, sides produced; covers about % the 
aperture. Muscle scar: a weak scar at either 
corner of septum. Sculpture: faint growth 
lines and radial costae; regularly-spaced pits. 
Shell color: tan with brown streaks. L.: 
27 mm (holotype). 


Remarks: 


The shell is very similar to Crepidula 
norrisiarum except for the sculpture pattern 
which is unique to C. youngi. This species 
was described from dead material, and the 
paratypes are badly eroded. It is probably an 
offshore form. Nothing is known of its 
ecology. | transfer it to Crepidula for | do 
not consider Maoricrypta valid (see dis- 
cussion). 


INVALID SPECIES 


Crepidula juliella Weisbord, 1962: 213, pl. 
19, figs. 14, 15 (Venezuela; Pleistocene). 


This name is based on 2 specimen frag- 
ments, possibly juveniles, from their thin- 
ness. They do not differ in any striking 
feature from the larger specimens of Crepid- 
ula found at the same locality (Crepidula 
cymbaeformis). 


Crepidula osculans C. B. Adams, 1852: 234 
(Panama; Recent). Lectotype: MCZ 
156277. 


This, according to Carpenter (1863: 361), 
is really Scutellina navicelloides (Carpenter, 
1857). Scutellina Gray, 1847 was considered 
a subgenus of Acmaea by Fischer 
(1885: 865), but is now synonymized with 
Phenacolepas (see Keen, 1971: 361). 


NOMINA DUBIA 


The following species are insufficiently 
known for full treatment, and/or may not be 
valid. 


Crepidula chinensis (Gray), 1867: 740 
(China). | have seen only 1 specimen alleged 
to be C. chinensis, from Paetel’s collection. 
It was С. walshi. But from illustrations 
(Tryon, 1886: pl. 39, figs. 69-71) it appears 
that the apex of C. chinensis is spiraled and 
more central than in C. walshi, and if so it 
might be a valid species. It is limited to the 
South China Sea. The type is from the 
Cuming collection. Gray distinguished the 
shell from other Calyptraeidae by the fold in 
the septum which forms a narrow cavity. He 
erected the genus WNoicia for the species. 

Crepidula cooksoniae Seeley, 1861: 291, 
pl. 11, fig. 18 (Upper Greensand, Cretace- 
ous; Cambridge, England). Type in the col- 
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lection of the University, Cambridge. Pre- 
served as an internal mold in lime phosphate, 
the snail was small and bilaterally sym- 
metrical with the apex high above the shell 
margin. The septum 1$, however, unconvinc- 
ing, casting doubt on whether the fossil is a 
Crepidula. 

Crepidula hepatica Deshayes, 1830: 26. 
Type-locality unknown. Menke (1847) used 
the name for shells from Mazatlan and San 
Blas, which Dall (1909b) thought were C. 
incurva. С. В. Adams (1852) hesitantly 
followed suit in naming his Panamanian 
material, which is very similar to the dark 
morph of the Grenadan С. aplysioides. 
Krauss (see C. B. Adams, 1852: 228) used C. 
hepatica for a South African species. African 
material which | have seen appears to be 
distinct from the Panamanian species. With- 
out knowledge of Deshayes’ locality or his 
specimens, it is impossible to say which 1$ 
the original C. hepatica, because the brief 
description could fit either the Panamanian 
or the South African specimens. 

lanacus isabellae Taki, 1938: 146, fig. 4 
(Miyazaki, Japan), is known only from the 
type in Taki's private collection. Based on 
Taki's ¡illustration and remarks, the shell 15 
like С. unguiformis, except for 2 parallel 
folds on the left side of the septum (from 
internal view). The larval stage is unknown. 
Habe (personal communication) doubts the 
validity of the species. 

Crepidula incurvata Broderip & Sowerby, 
1829: 370 (Kamchatka). | found no type at 
the British Museum (Nat. Hist.), which 
would have been the logical place for it. The 
description mentions an ovate shell with 
rough, thick periostracum. The apex is in- 
curved and marginal. 

Crepidula mytiloidea Bellardi & Miche- 
lotti, 1840: 74, pl. 8, figs. 9-10 (Villavernia 
near Tortona, Italy; Cretaceous). The type- 
specimen is small (L = 1cm) and the 
published illustrations are very poor in part 
because they are not magnified. | cannot 
verify that this is a Crepidula from the 
illustrations. 

Crepidula sitchana Middendorff, 
1849a: 100, pl. 11, figs. 3-5 (Sitchana 
Island, Alaska). Sowerby’s (1883) illustra- 
tion of C. sitchana and the specimens at the 
BM(NH) are small specimens of C. grandis. 
Specimens in Paetel’s collection at the Berlin 
Museum are С. nummaria and С. norrisi- 
arum. The latter does not occur in Alaska 
and the locality given for the specimen must 


therefore be in error. The localities of 
Paetel’s specimens are notoriously inac- 
curate. Whether C. sitchana as originally 
conceived by Middendorff exists awaits ex- 
amination of his original specimens. 

Crepidula succinea Risso, 1826: 255 (liv- 
ing on tritons in the Mediterranean). There is 
no illustration or reference to a type-speci- 
men. The description refers to a yellow- 
amber, very fragile shell with concentric 
crenulations. 


DISCUSSION 
1. Taxonomic characters 


The main problem in systematics of 
Crepidula is one of separating genetic from 
environmentally-induced variation; that is, 
of determining which traits are strongly 
modified by the environment, which are 
variable, and which are invariant for a given 
species. The high colonizing ability of those 
Crepidula species with pelagic larvae results 
in few clinal differences among populations, 
presumably due to high gene flow. Excep- 
tions are expected in species without plank- 
tonic larvae, although they appear to have 
relatively high genetic interaction through 
transport on other living organisms or float- 
ing objects. 

Dall (1892: 355) correctly points out 
that shell shape in Crepidula facultatively 
adjusts to the environment, ”... the influ- 
ence of selection being of comparatively 
small importance.” Crepidula is more plastic 
than any other patelliform mollusk and is 
rivaled only by oyster-like bivalves. The 
ability to conform to the substrate and to 
settle on a wide range of substrate types 
confers strong advantage on largely seden- 
tary filter-feeders. 

Phenotypic plasticity is itself an evolved 
trait. It is a character present in the earliest 
fossil Crepidula species, but is less well 
developed in Calyptraea and Crucibulum. It 
is more advantageous in a rapidly changing 
environment than is genetic polymorphism, 
the alternative method of acquiring flexi- 
bility within a population, for it allows a 
single individual to adapt itself to changing 
conditions within its own lifetime. Pheno- 
typic plasticity is also advantageous in deal- 
ing with spatially heterogeneous environ- 
ments; this is more important for young 
males which are mobile than for the more 
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TABLE 3. Functional and evolutionary significance of major traits. 


Trait 


Functional and ecological significance 


Evolutionary significance 


One muscle scar 


Two muscle scars 


Planktonic larvae 


Length of septum 


Shape of septum 


Radial sculpture 


Pigment 


Convexity 


Shell expansion 
rate 


Represents insertion of the major shell 
muscle not on the edge of the septum (= 
columella) as in most coiled gastropods, 
but on the shell itself. Edge of the septum 
is easily broken if force is applied to the 
animal. Attachment of body to the shell 
itself is more secure and it provides a 
more limpet-like clamping action (better 
leverage). (Crepidula spp. lacking this 
trait have alternative ways of improving 
shell attachment for sedentary existence). 


Represents a “'split'" shell muscle, insert- 
ing on both sides of the septum aiding in 
sustaining the animal’s position on its 
substrate and in its shell. 


Allows more rapid dispersal, larger gene 
pool, release of larvae at smaller size, and 
production of more larvae per female. 


A long septum implies a large foot rela- 
tive to the size of the animal, and a rela- 
tively small brood area. It is associated 
with the need for firm attachment to the 
substrate. 


The presence of notches and the position 
of attachment to the shell have no obvi- 
ous functional significance. 


Radial ribbing is common in sedentary 
gastropods. It confers strength to the 
shell. Spines may decrease settling of 
other filter-feeding biota, such as barn- 
acles, on the shell. 


Loss of pigment occurs in photonegative 
species living on sites away from the 
light. This phenomenon is widespread 
among animals and plants. If metabolic 
energy is required to produce the pig- 
ment, those metabolic pathways may be 
lost when not needed. Color serves as 
camouflage (as in color polymorphic C. 
convexa) and absorbs heat. 


Genetic fixation of the trait for planar 
shape must give advantage fo photonega- 
tive species. Fixation is not complete in 
Crepidula; behavior (choice of substrate) 
is important. 


Rapid expansion rate represents flatten- 
ing of the shell and rapid initial lateral 
growth. Functional significance is that 
rapid attainment of the adult limpet-like 
form and large foot may enhance survival 
in the environment where the spat settle. 


This is a specialization for limpet-like ex- 
istence. М appears in all morpho-ecological 
groupings of Crepidula. 


This is perhaps more highly specialized 
than 1 muscle scar. Species showing it are 
all from the Pacific and appear to be close- 
ly related. No extinct species have this 
character. 


Direction of evolution is unclear, but com- 
plete brooding may be a specialized condi- 
tion. 


The earliest known species of Crepidula 
have long septa. Direction of evolution 
cannot be inferred. 


One might assume that the septa which 
still show signs of coiling are more primi- 
tive, since all Crepidula spp. evolved from 
a coiled gastropod ancestor. But earliest 
preserved fossils already have straight sep- 
tal margins. 


Spines are easily derived from plicate radi- 
al sculpture. Ribbed species from the West- 
ern Atlantic are probably closely related 
(all have muscle scars as well). The earliest 
fossil calyptraeids are not ribbed. 


Loss of color is a specialized trait, but is 
polyphyletic; it is suspected that it involves 
а very few genes. 


Low convexity is the more specialized con- 
dition, as it correlates with a specialized 
habitat form of Crepidula. 


Low expansion rate and high coiling are 
primitive characters; they are related to 
the ancestral spiral shell form. 


O € gg A 


sedentary older 


females. In all species, 


environmental factors, discrete, easily-scored 


phenotypic plasticity obscures genetic varia- 
tion. 

It is imperative to understand which traits 
are interrelated and which vary independ- 
ently. In a genome strongly modified by 


traits such as banding patterns are rare. Also, 
shell characters are highly integrated. A 
Crepidula limited in substrate, such as C. 
convexa occupying a blade of eelgrass, is 
necessarily highly arched, has a deeply- 
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inserted septum, has a small aperture, tends 
to be thick-shelled, and produces fewer (not 
smaller) eggs. Another group of traits inter- 
related for purely mechanical reasons are: 
low convexity, low obliqueness, and a 
planar, shallowly-inserted septum, all occur- 
ring in individuals occupying concave sur- 
faces. In taxonomic study, one must be 
aware that these are necessarily related 
characters, and attach significance to excep- 
tions to these groupings. 

Good taxonomic characters at the species 
level are those whose expressions are under 
direct genetic control, and which may vary 
independently from one another. Examples 
are the relative length of the septum, shape 
of the septal margin, position of muscle 
insertion, basic shape of the beak, sculpture 
pattern, color, and anatomical details such as 
the fringed mantle of Crepidula onyx. These 
traits are invariant under local environmental 
effects, including substrate differences, for 6 
common species which | have examined in 
situ (C. fornicata, C. onyx, C. plana, C. 
adunca, C. convexa, and C. norrisiarum). 
They can be interpreted functionally (Table 
ЗЕ 

The radular teeth show intraspecific varia- 
tion in cusp number, but are still valuable in 
species identification. The size of the indi- 
vidual teeth and the proportional relation- 
ships among the teeth differ in the 4 species 
for which | have studied radulae. The teeth 
of C. plana are smaller, relative to body size, 
than the teeth of the other species. But the 
marginals of C. plana are large compared 
with the centrals. The ratios of the length of 
the inner marginal to the width of the 
central tooth (averaged over 5 individuals of 
each species, and 3 rows per radula) are: C. 
plana: 6.0; С. onyx: 2.6; С. convexa: 2.6; С. 
fornicata: 3.2 (Nahant) to 3.6 (Martha's 
Vineyard). 


2. Intraspecific variation over time 


As a whole, Crepidula species have 
changed little since the Miocene. Many 
Miocene specimens are indistinguishable 
from modern representatives, as is true of 
many other mollusks. There have, however, 
been changes in degree of species variability. 
Some Miocene C. fornicata had longer septa, 
or were more coiled, or had a more rapid 
expansion rate than modern individuals. 
Since these traits are not likely to be 
strongly altered by the immediate environ- 


ment, one can postulate high genetic varia- 
bility within the species during that time 
span. Reduction in intraspecific variability 
and extinction of some species after a peak 
in the Miocene indicate some restriction of 
the group during the probably adverse condi- 
tions of intervening geologic time, when sea 
level changes affected shallow-water faunas. 
If the Recent Crepidula aculeata and its 
larger Miocene relative are 1 species, it has 
been much reduced in size and thickness 
since the Miocene. The small representatives 
of C. aculeata have changed little, with 
intrapopulation variability in spine develop- 
ment evident from the initial appearance of 
the species. C. princeps, on the other hand, 
appears to have become less coiled (Addi- 
cott, 1970) and flatter (Grant & Gale, 1931) 
before it became extinct. Thus directional 
morphological changes through time are 
demonstrable in Crepidula, albeit rarely. 


3. Affinities within the genus 


Some authors divide Crepidula into sev- 
eral sections, subgenera, or even genera. 
Oldroyd (1927) places С. nummaria, С. 
fimbriata, and С. nivea in the subgenus 
lanacus Morch, and C. /ingulata and C. 
dilatata in the subgenus Crepipatella Lesson. 
The subgenus Crepidula $. s., holds the 
remaining species. Gray (1867) uses the 
following generic names: Crypta for the 
species aculeata, porcellana,  fornicata, 
excavata, onyx, and others, Garnotia for 
adunca, Ergaea for walshi, and Noicia for 
chinensis. Finlay (1927) erected the genus 
Maoricrypta for New Zealand species. Taki 
(1933, 1938) places nearly every species in 
its own genus or subgenus. His finer divisions 
include Crepipatella, Siphopatella, lanacus, 
Garnotia, Zeacrypta, and Neojanacus. Thiele 
(1929: 248) uses 8 sections to discriminate 
groupings of Crepidula. The subgeneric 
designations used at various times for 
Crepidula are summarized in Table 4. 

One may ask whether these divisions 
follow natural phylogenetic relationships, or 
whether they are based on convergence of 
shell form. Maoricrypta is based on geog- 
raphy and certainly has no taxonomic use- 
fulness. The /anacus group almost certainly 
is polyphyletic, as it is based on similarity in 
microhabitat and convexity, but includes 
differences in muscle insertion, shape of the 
septum, pigmentation, and larval type (note 
particularly Crepidula monoxyla and С. 
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TABLE 4. Names which have been used to distinguish subgenera or sections in the genus Crepidula. Most 
have also been given generic standing, but they are synonyms of Crepidula. 


Subgenus or Senior 
“Section” Author Date Type-species Designated! synonym 
Bostrycapulus Olsson & Harbison 1953  aculeata (Gmelin) O.D. Sandalium 
Crepidula, s.s. Lamarck 1799 fornicata (Linnaeus) M. 
Crepipatella Lesson 1830 dilatata Lamarck ©:D: 
Crypta Humphrey 1797  fornicata (Linnaeus) M. 
[synonym of Crepidula, 
s.s.] ; invalid 
Dispotaea Say 1826 striata? M. 
Ergaea H. & A. Adams 1854  walshi Reeve= plana O.D. Siphopatella 
H. Adams & Reeve 
Galerus Humphrey 1797  chinensis Linnaeus; (OLD) 
[Calyptraea] invalid 

Garnotia Gray 1867 adunca Sowerby O.D. 
lanacus Mörch 1852  unguiformis Lamarck O.D. 
Maoricrypta Finlay 1927 costata Sowerby O.D. 
Noicia Gray 1867 chinensis Gray O.D. 
Sandalium Schumacher 1817 porcellana (Linnaeus); sect. a OD: 

aculeata (Gmelin); sect. ß O.D. 
Siphopatella Lesson 1830 walshi Reeve O.D. 
Zeacrypta Finlay 1927 monoxyla Lesson O.D. 


Tm. = monotypy O. D. = original designation. 


2D. striata is a Calyptraea. Thiele (1929) used Dispotaea as a section of Crepidula. 


unguiformis). Garnotia consists only of C. 
adunca and its variants, certainly not worthy 
of subgeneric rank. Crypta is a synonym of 
Crepidula, which when used as a subgenus 
serves simply to catch all the forms which do 
not fit elsewhere. Siphopatella might be a 
useful subgenus, indicating forms with deep 
sulci and folds in the septum such as C. 
walshi. This character is conservative, not 
highly responsive to environmental pres- 
sures, and species which share it are closely 
related. Similarly, all species with produced 
septa (see Fig. 2) such as C. adunca, C. 
norrisiarum, and C. costata might be 
grouped together, with all forms possessing a 
single septal sulcus forming a 3rd group 
(suggested by McLean, personal communi- 
cation). Although grouping the species by 
adhering to the septal character reveals 
possible phylogenetic affinities, the hier- 
archy created by subgeneric names is un- 
necessary and adds little to the understand- 
ing of the group. Such names should be 


based on more than a single shell character. 
Likewise, erection of the genus Crepipatella 
on the basis of the septum is unwarranted 
without anatomical confirmation. Crepidula 
walshi is as different from Crepidula, S.'S., as 
is C. dilatata, but has typical Crepidula 
anatomy (Ishiki, 1936, 1939). 

Table 5 is a grouping of the major fossil 
and Recent species of Crepidula on the basis 
of similarities in 5 characters. These char- 
acters were selected as the most important 
of those which can be seen from shell form 
and from field observations, in helping to 
define the ecological role of the species. 
They are: maximum size, convexity, pig- 
mentation, microhabitat preferences, and 
the ability to form stacks of 3 or more 
individuals. Other traits, morphological as 
well as ecological, were then compiled for 
comparison. Some of the groups roughly 
parallel the subgenera just discussed. Sus- 
pected evolutionary affinities were disre- 
garded in this analysis. 
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FIG. 24. Radulae of 4 species of Crepidula. Compare the illustrations in Gray (1857) and Parodiz (1939). 
Formulae for the cusp arrangements are in the text. Shells from which these radulae were taken are in the 


Museum of Comparative Zoology, Harvard University. 


C. convexa, based on 5 specimens from Woods Hole, Massachusetts, both sexes. A = central; B = lateral; 


С = inner marginal; D = outer marginal. 


C. onyx, based on 7 specimens from Balboa, California, both sexes. E = central; F = lateral; G = inner 


marginal; H = outer marginal. 


C. fornicata, based on 5 specimens from Nahant and 2 from Martha's Vineyard, Massachusetts, both 
sexes. | = central, Martha's Vineyard; J = central, Nahant; К = lateral, representative of both localities. 
С. plana, based on 4 specimens from Woods Hole, Massachusetts, both sexes. L = central; М = lateral; N 


= inner marginal; O = outer marginal. 
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Fig. 25 presents another way of depicting 
the same type of relationship: a computer- 
derived cluster analysis of all species using all 
known morphological and ecological traits, 
unweighted. | used the unweighted-pair clus- 
ter technique, based on quantified simple 
matching coefficients (Sepkoski, 1974). 
There are a few differences, especially т 
groups 2 and 5, between the 2 treatments. 
The 1st treatment is more interesting т 
terms of ecological interpretation; the 2nd is 
presented only to show the degree to which 
the unweighted approach deviates from a 
logical weighted method. 


Species known only as fossils are included 
in these analyses because | know about their 
morphology and paleoecology from the 
composition of the fossil assemblages, the 


substrate, and the specimens themselves 
(Arnold, 1903; Dall, 1892; Dubar & 
Taylor, 1962; Gardner, 1957; Woolman, 


1898). 

The following generalizations 
from Table 5: 

Group 1: Large size is associated with 
convexity, planktonic development of nu- 
merous small eggs, the ability to form stacks 
and to live in muddy substrates, and (usu- 


appear 


TABLE 5. Comparison of major morphological characters and ecological data. Division into 5 species 
groups is based on similarities in maximum size, habitat, ability to form stacks, pigmentation, and con- 
vexity. Groups 4 and 5 are divided on the basis of convexity and the presence or absence of a septal 


sulcus. See text for further explanation. 


Size Muscle 


Preferred Substrate 


Species (length) scar Stacks Pigment Convexity! Exposed Insideshells Rostrate 
Group 1 
costata Е 2 ? + ++ + = = 
dilatata E 1 ++ ++ ++ ++ = = 
excavata E 1 ? + ++ + = ++ 
fornicata L 0 ++ ++ ++ ++ = = 
grandis E 1 ++ ++ ++ ++ = = 
gregaria ПЕ ? ++ ? ++ ++ = = 
lirata le 1 ? ? ++ ++ = ++ 
onyx [IE 0 ++ ++ ++ ++ = = 
princeps E 1 ++ ++ ++ ++ + 2: 
“spinosa” 
(variant of aculeata) E 1 ? ++ ++ ++ E er 
Group 2 
adunca var. uncata $ 2 _ ++ ++ ++ _ += 
сопуеха $ 1 - ++ ++ ++ = + 
diminutiva $ 0 ? ++ Tus ++ a a 
incurva S 0 - ++ ++ ++ = ++ 
pileum $ ? ? ? EE rare en ES 
Group 3 
immersa pu 1 = ++ = = ++ = 
lessonii M 0 = + _ = + = 
monoxy la M 2 _ - + o. + = 
nivea pp 0 = = = a т. al 
nummaria M 0 = = + = ++ a 
perforans M 0 ~ _ = — + = 
protea M 0 - _ + + ++ = 
striolata M 0 - + + = + = 
unguiformis M 0 = = 5 = ++ En 
walshi M 0 = = u st LE en 
Group 4 
aculeata M 1 — ++ + ны = = 
chinensis M ? - - + ++ + = 
dorsata Ss 0 = ++ En + à + 
Group 5 
cymbaeformis M 0 - ++ ++ ? _ ++ 
gibbosa M 0 - ++ + ++ ? = 
maculosa M 1 = ++ ++ ++ = sl 
marginalis M 0 - ++ + ++ = = 
naticarum M 1 - + ++ + - ++ 
norrisiarum M 2 = ++ LT Er = ++ 
youngi M 2 = ++ + ++ = ++ 


LT ААА АААААААА А 


THigh, > 1.35; low, 1.15-1.35; planar, < 1.15. 
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TABLE 5 (cont.) 


Distribution in 


Preference for more than 1 


Septal Septal Radial Planktonic  Inter- deep water  zoogeographic 
Species area sulcus sculpture larvae tidal (> 30 m) province 
Group 1 
costata 1/2 = ++ ++ EN 2 = 
dilatata 1/3 ++ - ? = Ep ++ 
excavata 1/3 = - ? - ? = 
fornicata 1/2 + = ++ = + ren 
grandis 1/2 - = ? = ? = 
gregaria ? + - ? fe ? = 
lirata 1/2 _ ++ ? ? ? pos 
onyx 1/2 + - ++ = + ++ 
princeps 1/2 = - ? ? ? ++ 
“spinosa” 
(variant of acu/eata) 1/2 + ++ ? ? ? E 
Group 2 
adunca var. uncata 1/4 _ - = ++ = ++ 
convexa 1/3 - _ = ++ = ner 
diminutiva 1/2 - = ? ? ? La 
incurva 1/2 — + = ‚ner pS y 
pileum 1/3 _ = ? ? ? u 
Group 3 
immersa 1/4 - - ? = 2 г 
lessonii 1/3 ++ = = Y = “ 
monoxyla 1/4 o o - ? ++ pe 
nivea 1/3 + - ++ = + ++ 
nummaria 1/3 + = = = ? ++ 
perforans 1/3 + = = fate = poe 
protea 1/2 + - ? - fe - 
striolata ПЗ ТИР + = = + ws en 
unguiformis 1/3 + = sen = + rer 
walshi 1/4 ++ = ++ ore € 
Group 4 
aculeata 1/3 ++ ++ - ++ + ++ 
chinensis 1/4 ++ = ? E + E 
dorsata 1/4 ++ = ++ = ++ ++ 
Group 5 
cymbaeformis 1/2 _ — ? ? ? a 
gibbosa 1/3 + - ? + ? = 
maculosa 1/3 = = ? = Fi = 
marginalis 1/2 - = ? + ? = 
naticarum 1/4 = = dun = ? ae 
norrisiarum 1/3 - - = = ++ fe 
youngi WE - + ? _ ++ = 
EYE L = large size; maximum length over 40 mm. 


M = medium; maximum length between 25 and 40 mm. 
S = small; maximum length less than 25 mm. 
1/4, etc. = approximate proportion of apertural area covered by the septum. 


0,1,2 = number of muscle scars. 
ce 
+ 


? 


Weak expression of trait. 
Absence of trait. 
Unknown. 


(COM! LI 


ally) the absence of a septal sulcus. Traits 
which vary in their presence, or state of 
development, within this group are sculp- 
ture, muscle scar, and rate of whorl expan- 
sion. These happen to be traits which | have 
deemed important in judging evolutionary 
relationships. The species in group 1, in- 
cluding those known only as fossils, are (or 
were) capable of occurring in dense colonies 


Strong, unambiguous expression of trait in question. 


and making their own substrate. They all 
have large septal areas for their size, perhaps 
due to the proportional relationship de- 
manding that a large shell volume be sup- 
ported by an even greater foot area. 

Group 2: Small, convex species tend to 
brood their developmental stages through 
metamorphosis, live preferentially on shells 
or smooth stones or other living gastropods, 
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do not form stacks, lack a septal sulcus, and 
tend to be rostrate. They never dominate the 
community in which they live, in terms of 
biomass, as do members of group 1. Septal 
area in those known to brood the young to 
the crawling stage is small, perhaps allowing 
a proportionally larger brood area and 
smaller foot. Members of this group are 
hypothesized to be relatively poor long- 
distance colonizers unless transported as 
adults, but good at forming peripheral 
isolates necessary for speciation to occur. 

Group 3: Members of this group, equiva- 
lent to the section “’/апаси$,” are of moder- 
ate size, planar to concave, do not form 
stacks, and are non-rostrate. The group can 
be subdivided into complete brooders and 
those with planktonic larvae, indicating 
either parallel evolution of 2 distinct planar 
Crepidula lineages, or polyphyletic origin of 
the 2 types of reproduction, or both. A 
polyphyletic loss of the planktonic larval 
stage in this and the above group is likely. 
The species in group 3, including the non- 
planktonic species, are good long-distance 
dispersers. Transport in the adult stage 1$ 
facilitated by photonegativity and the tend- 
ency to live inside dead shells or on the 
underside of ships, or on other living organ- 
isms. Within group 3, short septal length 1$ 
only weakly correlated with brooding habits 
(г = 0.40), perhaps because living in shel- 
tered places this group is not so dependent 
on foot strength for protection from large 
predators as are other species. Also, the flat 
shell gives these species a lower ratio of area 
to volume than for convex species of Crepid- 
ula. 

Group 4: These are small to mid-sized 
species, not rostrate, of low convexity, with 
prominent septal sulci. The preferred habitat 
is rocks or cobbles; stacking is rare or absent. 
Crepidula dorsata 15 broadly tolerant of 
physical conditions and is widely distributed 
latitudinally; С. aculeata is distributed 
world-wide at low latitudes. Thus по general- 
izations can be made on the zoogeography 
of the group. 

Group 5: This group is not as homo- 
geneous as the others, but simply contains 
highly convex species of intermediate size 
which usually prefer other living mollusks as 


substrates. They all have narrow ranges with 
indication of restricted temperature toler- 
ances (C. norrisiarum, C. naticarum, and C. 
maculosa are limited to low latitudes). None 
of these species can be called successful by 
any of the traditional criteria, which are 
discussed later. This group is removed from 
group 4 on the basis of the shape of the 
septal sulcus, in addition to the 5 traits 
selected and described above. 

From these analyses, the following con- 
clusions are made: 

1. In both fossil and Recent assemblages, 
one finds a mixture of species from these 
groups. In the Recent of Florida, we have 
Crepidula plana, C. fornicata, C. convexa, C. 
aculeata, and C. maculosa (1 from each 
group). In San Pedro Bay, California, there 
are C. onyx, C. adunca, C. nummaria, C. 
nivea, С. norrisiarum, С. naticarum, and 
rarely C. aculeata (2 from groups 3 and 5, 
and 1 from each of the others). C. dorsata 
lives outside the bay. Thus sympatric con- 
geners are maximally spaced in morpho- 
logical and ecological dimensions. In cold, 
rigorous environments, middle-sized forms 
(C. aculeata, C. maculosa, C. norrisiarum) 
drop out, broadening the distance between 
the remaining forms, decreasing substrate 
and food competition. 

2. In general, evolution at the species 
level produces separation in substrate prefer- 
ences, temperature tolerances, and life his- 
tory parameters (indicated by differences in 
larval ecology) as well as morphological 
distinctions. Closely related, morphologi- 
cally similar species do not co-occur. Sym- 
patric species differ in life history strategies; 
for example, a fast-growing, early-maturing 
species suffering high pre-reproductive mor- 
tality (Crepidula fornicata) shares its sub- 
strate with a slower-growing, smaller species 
with different mortality schedules (C. con- 
vexa). The former has about 100 times as 
many offspring per brood as the latter. 

3. Large maximum size correlates with 
planktonic larval development, while small 
maximum size correlates with lack of a 
planktonic stage. This has implications for 
the theory of r and K selection, because it 
had been assumed (Pianka, 1970) that large 
adult size correlates with brood protection, 


———————— 


FIG. 25. Print-out of a computer cluster analysis 


(coefficient of association) which weights all 


morphological and ecological characters of Crepidula spp. equally. A quantified simple matching coefficient 
(Sepkoski, 1974) was used to cluster the data. The interpretation is given in the text. A few species were 


not included in the analysis, due to insufficient data. 
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fewer offspring and other “K”” traits. 

4. Length of the septum correlates with 
brooding habits and/or the need for strong 
attachment to the substrate. Species with 
pelagic stages tend to have proportionally 
larger septa and smaller brood areas. Planar 
species living in protected sites where foot 
strength is less important do not show this 
correlation. These hypotheses will be tested 
in a later paper. 

5. Presence or absence of a strong muscle 
insertion (scar) has no clear relationship to 
substrate or habitat. It is indicative of gene- 
tic relationship. The same is true of whorl 
expansion rate and presence of a septal 
sulcus. These are considered to be conserva- 
tive characters. 

6. Stacking is found only in large species 
land hence those with planktonic larvae). 
Population density is much greater in these 
species. 


7. Speciation should be favored in groups 
without planktonic larvae in which gene flow 
15 somewhat reduced and colonization 15 via 
adults. Colonization ability is high, however, 
even in lecithotrophic species. 

8. Temperature tolerance seems to be 
important in imposing ultimate limits on the 
distribution of some species. Transport by 
man has shown that viable colonies can 
result from cohorts of less than 100 indi- 
viduals. Females are able to store sperm, and 
hence 1 fertilized female could theoretically 
found a colony. Crepidula species are not 
functional hermaphrodites. 

There is difficulty in constructing a 
phylogenetic tree of most genera, due to 
problems of: 1) convergence of characters; 
2) uneven preservation, and complete lack of 
early fossils; 3) minor sequential changes 
being rarely preserved in the fossil record; 
and 4) inadequate information on the de- 


TABLE 6. Species affinities. Species were grouped using the following “conservative” traits: shape and 
size of the septum, muscle scars, and beak characters. Types of larvae are indicated. Geographical affinities 
are listed as they exist within groups. Note the placement of white, planar Crep/du/a in more than one af- 
finity group, according to this arrangement. The presence or absence of a planktonic larval stage is fairly 
consistant within groups, but there are exceptions. C. aculeata, C. dorsata, C. incurva, and several fossil 
species do not fit into any group. C. excavata shows some affinities with C. macu/osa (shape of septum, 
muscle scar, and pigmentation). C. convexa and C. maculosa are similar in pigmentation in the southern part 


of the range of the former. 


Shared taxonomic characters 


Geographical 


Species group 


showing relationship 


affinities 


Variable characters 


|. C. fornicata 


C. gibbosa with sinuous margin (or shal- 
C. lessonii low sulcus); non-rostrate; 
C. nivea beak turned to 1 side in a 
C. nummaria partial whorl; no radial 
C. onyx sculpture; planktonic 
C. protea larvae (except C. /essonii 
С. unguiformis (plana) and С. nummaria) 
||. С. dilatata Large, massive, inflated 
C. excavata shell; 1 large, deep muscle 
C. grandis scar; diagonal septum, at- 
С. дгедата? tached far fonward оп the 
C. princeps right side; no radial sculp- 
ture 
Ill. С. chinensis Beak shows evidence of 
С. walshi coiling; deep fold in sep- 
tum, like a collapsed cup; 
not rostrate; no radial 
sculpture 
IV. C. convexa One muscle scar; straight, 
C. maculosa short septum; beak slightly 
turned; very weakly ros- 
trate 
V. C. adunca Two muscle scars; sides of 
C. costata septum extend forward; 
С. monoxyla short septum (except C. 
C. naticarum costata); beak uncoiled 
C. norrisiarum 
C. youngi 


No muscle scar; long septum 


Worldwide except 


Asia and Africa 


Eastern Pacific 


Asian 


Western Atlantic 


Eastern Pacific; 
New Zealand; 
Australia 


Size 

Convexity 
Pigmentation 
Preferred substrate 
Preferred depth 
Range of distribution 


Septal sulcus 
Degree to which the 
beak is rostrate 


Convexity 
Substrate preference 


Size 

Pigmentation 

Depth and tempera- 
ture preferences 


Size 

Pigmentation 
Convexity 

Substrate preference 
Rostrate beak 
Sculpture 

Larval mode 
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tailed anatomy of living forms. However, a 
breakdown of Crepidula species as to evolu- 
tionary affinities is possible (Table 6). Rea- 
sons for the arrangement of the species are 
summarized in the Table. The arrangement 
stresses the likelihood of a polyphyletic 
origin of white, planar species. 


4. Species distributions 


Distribution patterns over geologic time 
for the Crepidula species as summarized in 
this paper show several phenomena. For 
some (C. dilatata, C. dorsata), there is 
constant expansion, indicating constant 
spread without disjunction of the range or 
divergence of the species. Other ranges show 
little change over time, partly a function of 
relatively rapid initial spread and stabiliza- 
tion (C. fornicata), or of lack of spread 
altogether (C. maculosa, C. costata, and C. 
norrisiarum). Thirdly, there are species 
which show range contraction or shift as the 
world climate changed (C. princeps, C. 
adunca, and C. aculeata). 

Thus Crepidula species have differentially 
responded to environmental change and to 
the time factor in evolution. This indicates 
differences in physiological capacities early 
in the history of the genus, which provided 
positive feedback to further create species 
divergence as they differentially expanded 
and contracted their ranges. 

Saussaye (1869: 206) shows that Crepid- 
ula unguiformis extends through 4 marine 
provinces: the British, Celtic, Mediterranean, 
and Algerian. C. nummaria and C. fornicata 
are among the American species which ex- 
tend through several provinces as well. These 
are generalists, which have a chance of 
long-term survival without drastic SHEE as 
the environment changes. 

An overall view of groups coexisting in 
North America and Europe from the early 
Tertiary to the Recent is found in Tables 7 
and 8, and Figure 26. Dominant species are 
indicated. There is less clear-cut dominance 


TABLE 7. Species found sympatrically in the ma- 
jor geologic formations, eastern continental United 
States.1 


Age and formation 


or locality Species 
Eocene 
Claiborne lirata 2% 
L. Miocene 
Chipola fornicata E 


plana (r) 


TABLE 7 (cont.) 


Age and formation 


or locality Species 


M. Miocene 
Shoal River fornicata (r) 


plana (r) 


fornicata i 
spinosa (маг.} = 
plana (r) 


Calvert 


U. Miocene—L. Pliocene 
Choptank spinosa 
fornicata ie 


plana 

fornicata 
spinosa x 
plana * 


St. Mary's 


Yorktown spinosa 
fornicata x 
cymbaeformis * 
adunca 

aculeata 
convexa 


plana (r) 


fornicata es 
plana we 
convexa (r) 
?spinosa (r) 


Sankaty Head, Nantucket 


fornicata сие 
spinosa os 
cymbaeformis ** 
adunca ® 
aculeata 
convexa 
plana 


Duplin 


* 
* 
* 


L. Pliocene 
Upper Choctawhatchee 


spinosa MES 


cymbaeformis 
fornicata 
aculeata 
plana 
M. Pliocene 
Florida maculosa 
fornicata 
aculeata 
adunca (r) 


L. Pleistocene 
Waccamaw adunca 
aculeata 
convexa 
maculosa 
fornicata 
cymbaeformis 


plana (r) 


New Jersey fornicata 


fornicata 
maculosa 
aculeata 
spinosa 
convexa 
cymbaeformis (г) 
plana (r) 


Upper Caloosahatchee 


1Formations are listed in order of descending age; 
species are listed in order of abundance: *** very 
abundant; ** moderately abundant; * frequent; (r) 
rare. ‘‘Sympatry’’ is in the general sense, meaning 
found in the same deposit. 
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TABLE 8. Sympatric species in the western con- 
tinental United States. 


Age and locality Species 

Eocene 

Vader, Washington pileum (r) 
Oligocene 

Washington praerupta * 

princeps ri 

Miocene 

Oregon, Washington, princeps ee 


San Luis Obispo (large oysters) 


Pliocene 


Balboa Park, San Diego princeps er 
onyx er 
nummaria * 
norrisiarum ы 
adunca y 
Soledad Mountains princeps xs 
San Mateo princeps ER 
Los Angeles County princeps lib 
Ventura County princeps ыы 
Monterey nummaria У 
Pleistocene 
Santa Barbara princeps “ 
Newport Bay опух ан 
norrisiarum * 
nummaria (r) 
Santa Monica naticarum * 
Spanish Bight опух ый 
adunca = 
Monterey perforans + 
Upper Pleistocene 
Palos Verdes and onyx a 
San Pedro norrisiarum A 
nummaria ke 
adunca 3 


1Formations are listed in order of descending age; 
species are listed in order of abundance: *** very 
abundant; ** moderately abundant; * frequent; (r) 
rare. 


in the Pacific faunas, and more species. This 
is probably due to the bulk of Pacific fossils 
being from the waters of California, where a 
rich fauna evolved compared with the North- 
ern Atlantic. The result is the usual pattern 
of more species, with fewer individuals per 
species. Several species (Crepidula dorsata, 
C. excavata) are today obtained most often 
by dredging offshore, adding another dimen- 
sion to the system not present in the 
Atlantic, where the same species living off- 
shore also inhabit the tidepools. 

During the Miocene, the largest species 
were dominant in numbers as well as bio- 
mass. Frequently, co-dominants existed at a 
single locality (e.g., Crepidula fornicata and 
C. aculeata spinosa at Yorktown, Virginia). 
In Recent faunas, species with narrow ranges 
(C. maculosa, for example) may be locally 
dominant, but another species may be more 


frequent over the extent of the coastline. 
This distinction is lost in the fossil record 
where only a few isolated localities can be 
sampled and these generalized over the 
entire region. 

Distribution data show that most species 
in the northern part of each coastline have 
broadly extending southern ranges, but the 
reverse is not true. There is only 1 exclu- 
sively boreal species, but several Panamic 
ones, adding to tropical species diversity. 


5. Evolutionary history of the genus 


One can see from data presented so far 
that Crepidula is a “successful” group, under 
3 of the criteria which are used to measure 
this oft ill-defined quality: 1) continuance of 
basic types with little change since the early 
Miocene; 2) world-wide distribution of the 
genus, and of some species; and 3) abun- 
dance, in terms of biomass relative to other 
components of the assemblages, of the larger 
Crepidula species throughout their evolu- 
tionary history. 

Crepidula specimens from the Cretaceous 
appear to have been scattered geographi- 
cally, but this is an artifact of plate tectonics. 

The genus was well-established and dis- 
tributed by the Eocene, for specimens are 
found at scattered localities in California, 
Alabama, and possibly South America (von 
Ihering, 1907). Its greatest expansion in 
numbers of species and morphological vari- 
ability came in the Miocene. This may be 
more apparent than real, because both coasts 
of America have well-preserved Miocene 
material. This might be explained by warmer 
temperatures and other conditions favorable 
to calcium carbonate deposition and preser- 
vation during this period. 

The Pliocene was marked by the appear- 
ance of some new species, with most of the 
Miocene species surviving. Sea-level and tem- 
perature changes probably affected the gen- 
eralist Crepidula species less than more 
specialized organisms, which suffered high 
extinction at this geologic boundary. 

There were a few extinctions in the 
colder Pleistocene, notably Crepidula 
princeps and C. cymbaeformis. C. adunca 
disappeared from the Atlantic. There, it was 
a case of elimination of the intermediate- 
sized form, leaving 1 large (C. fornicata), 1 
small (C. convexa), and 1 planar species (C. 
plana) in the North Atlantic. In the Eastern 
Pacific, however, it was the largest, previ- 
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FIG. 26. Coexisting species of Crepidula in 3 geographical areas over time. Dominant species (in terms of 
numbers, relative to other calyptraeid species of the same time period) are indicated by heavy lines. Species 
found in more than 1 of the geographical areas are underlined. It is assumed that С. plana = С. unguiformis 
and that С. cornucopiae = С. adunca. Time periods are not to scale. An asterisk indicates a species which 1$ 
restricted to South America. С. praerupta, probably a variant of С. princeps, is listed separately because it 
has a restricted temporal distribution. Several white species from the Pacific are not listed because they are 
not distinguishable from С. nummaria in the fossil record. 
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ously dominant species (C. princeps) which 
disappeared. The causes of ¡ts disappearance 
were probably not temperature and sea level 
fluctuations alone, but also biological factors 
related to its large size. Large filter-feeders 
require high concentrations of nutrients. 
Also, there is a limit to the size of organism 
which can be supported by the gill ofa given 
size. In C. princeps, new demands of chang- 
ing physical and biotic environments could 
have thrown the animals out of balance. 
California Pleistocene assemblages tend to 
have fewer large filter-feeding organisms 
than do earlier assemblages. 

There have been no strong range contrac- 
tions in the history of the genus. The center 
of evolution appears to have been the 
Panamanian region. From the earliest fossil 
records to the present, it appears that the 
Central American and Californian regions are 
the richest in Crepidula, with New Zealand- 
Australia also an endemic center; the Paris 
Basin and other European localities are 
relatively impoverished. 

Convergence and parallel evolution have 
occurred in Crepidula, given similar selection 
pressures (microhabitats) in different parts 
of the world. Isolation of groups of species 
upon closure of the Panama gap allowed for 
the parallel evolution of 2 or more species of 
white, planar Crepidula (С. lessonii and С. 
nummaria versus C. plana-C. unguiformis). 
Convergence from Calyptraea or Crucibulum 
stocks is also a possibility to account for the 
peculiar folded septum in С. walsh/; апа- 
tomical study will decide this point. Evi- 
dence for possible convergence to the planar 
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Crepidula form is summarized in Table 6 and 
diagrammed in Figure 27. The pigmented C. 
immersa and the white C. monoxyla, both 
with muscle scars like other species endemic 
to Australia and New Zealand, are probably 
convergent with C. unguiformis rather than 
closely related to it. An example of the 
independent (convergent) evolution of single 
traits in different species groups could weli 
be the tendency of some species to form 
stacks, which is limited ecologically to 1 
member of any group of sympatric con- 
geners. Lecithotrophy is another trait sus- 
pected of being polyphyletic. 


6. Evolution of the Calyptraeidae 


Possible paths of evolution within the 
family are shown in Fig. 28. The 1st 
calyptraeids appear in the lower Cretaceous 
(Shimer & Shrock, 1959). Schilder (1947) 
reported 13 genera of the Calyptraeacea by 
the Eocene, and 40 living currently, with 
bursts in the Upper Cretaceous and the 
middle to late Tertiary. The evolutionary 
sequence is that of flattening the shell, 
increasing the whorl expansion rate, and, in 
Crepidula, accentuating differential growth 
such that the shell becomes oblique (Fretter 
& Graham, 1962: 70-73). As shell coiling 
decreases, the columella becomes highly 
modified. In Trochita, it remains coiled; in 
Calyptraea, it is coiled or becomes prong-like 
(genus Cheilea Modeer, 1793); in Cruci- 
bulum, it becomes cup-like. In Crepidula, it 
is a simple partition; its function is the 
separation of the viscera, brood area, and 
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FIG. 27. Possible convergences in the evolution of Crepidula and Crucibulum. 
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CREPIDULA 


High patelliform shell 
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World-wide, especially tropical 


World-wide 


Filter-feeders or facultative ''parasites'' 


| 


ТНУСА 


Parasitic 


foot, which occupies a position analogous to 
that of a true limpet. The function of the 
columella in other gastropods, support of 
the visceral mass, remains. 

Intermediate forms exist within Ca/yp- 
traea, from species with several distinct 
whorls to С. deformis, which is quite limpet- 
like. Intermediates in septal form also mark 
the paths to Crucibulum and to Crepidula 
(both among extinct and living forms). 
Although the fossil record has not preserved 
the earliest Crepidula, it is likely that the 
branching point from the calyptraeid stock 
included forms much like C. dorsata in 
septal shape. The early species were prob- 
ably small (less than 25 mm long), according 
to the records of Calyptraea from the 
Cretaceous. In the Eocene, we pick up large, 
robust species of Crepidula such as С. /irata. 
It is obvious that the highly modified Cruci- 
bulum could not have been the source for 
Crepidula, as suggested in 1 scheme by Taki 
(1933). | do agree with Taki that the /anacus 
group is the most highly specialized and 
probably evolved last, but he did not recog- 
nize that it is most likely polyphyletic. 

Within Crucibulum, the same kind of 
ecological segregation has taken place as in 
Crepidula. Although never achieving the 
prominence of Crepidula in population size 
and never becoming important in northern 
waters, the genus today is well-established in 
shallow offshore habitats, venturing into 
rocky tidepools. Like Crepidula, there are a 
few ribbed and a few spiny species, and 1 or 
2 which become very large. There are leci- 
thotrophic and planktotrophic species. Like 
all Calyptraeidae, they are protandrous (Coe, 
1938). The group was well advanced by the 
Miocene, but in Tertiary assemblages Cruci- 
bulum is never as numerous as Crepidula, 
and rarely are more than 2 species found 
sympatrically. 


< 


FIG. 28. A possible scheme of major evolutionary 
events in the Calyptraeacea. A. Gill modified for 
feeding; protandry developed. B. Shell flattened 
for sedentary life; operculum lost. C. Increased 
whorl expansion rate. D. Modification for pro- 
boscis feeding. E. Filter-feeding further developed; 
septum modified into a curved plate. F. Shell and 
mantle growth further modified. G. Curved septal 
plate fused into a cup; secondary external radial 
symmetry. H. Columella unwound, but muscle still 
attached to it; growth asymmetric; septum flat- 
tened. I. Modifications in attachment of body to 
shell, such that the muscle(s) are affixed to the 
shell proper rather than to the septum. 
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Graham (1954) and Yonge (1962) discuss 
the genus Trichotropis, whose ancestor may 
be in common with the calyptraeids. Tricho- 
tropis has an operculum but lives a largely 
sedentary life on hard substrates, and has a 
proboscis but 15 also a filter-feeder. It 15 
protandrous, and broods its young to the 
crawling stage under the foot. However, the 
shell is highly coiled and finely sculptured. 
Trichotropis is a boreal and deep-water 
genus; М is specialized and not an ancestral 
type. lts anatomical features suggest affini- 
ties with the family, but similarities with 
Crepidula in life history and niche are 
possibly convergent. 

As for behavioral characters, an examina- 
tion of fossil shells and a look at the biology 
of the more coiled living genera (7rochita, 
Calyptraea) reveal early development of the 
habits of sedentary existence, protandry, 
and filter-feeding (which capacity could have 
led to a selective regime favoring the seden- 
tary existence, which in turn would favor 
protandry). The earliest fossil shells possess 
“mate marks,” spots occupied by smaller 
members of the same species, from which 
copulation took place. The large Eocene 
species Crepidula lirata frequently shows a 
sudden decrease in shell convexity at about 
the size when sex change should have oc- 
curred (about 10-15 mm, based on compari- 
son with a modern species of comparable 
adult size, Crepidula fornicata). This indi- 
cates, as demonstrated by Coe (1942b), 
Conklin (1898), and Boettger (1953), that 
the animal moved from a restricted substrate 
such as a female mate, to a less curved 
surface, such as a rock. This is known to 
occur at the time of sex change in many 
Recent species (e.g., Crepidula convexa and 
C. fornicata in areas where stacking does not 
occur). 

Some species of Crepidula were fossilized 
in stacks, including Pliocene С. princeps 
from the Richfield Towers locality, Los 
Angeles, California. The specimens were 
preserved in a deposit from a turbidity 
current. С. gregaria from the Pleistocene of 
Patagonia is also preserved in stacks. In both 
cases, the Crepidula species are the dominant 
faunal elements, as are modern C. fornicata 
and C. onyx in areas where they form stacks 
(usually in muddy bays). One can assume 
similarity among these fossil and Recent 
species in life history characters such as birth 
rate, planktonic larval development, and sex 
change, given the similarity of ecological 


conditions, selection pressures, and the fact 
that they are related at the generic level. No 
other calyptraeid genera have been noted to 
form large stacks, but clusters of several 
small males on 1 female are common in 
Recent and fossil Crucibulum and Calyp- 
traea. 

It is of interest to ask how the package of 
traits came together as it did in Crepidula 
and in the family Calyptraeidae. | will treat 
this aspect of the evolution of the group, 
along with a study of intraspecific variability 
and niche size, in a subsequent paper on 
“adaptive peaks’’ and “species packing.” But 
one may mention basic mesogastropod fea- 
tures such as a large pectinibranch gill 
(which allows for development of filter feed- 
ing), secondary sex organs and copulation 
(which allow for brood sac formation), and 
protandry, as important preadaptations in 
the early evolution of the calyptraeid mode. 

Another question of interest is, which 
came first, planktonic or brood development 
of the young? All Calyptraeidae brood the 
young for some time; longer and longer 
retention is all that is required for conver- 
sion to full brood development. Similarly, 
shorter retention could lead from complete 
brooding to an intermediate stage with both 
brooding and planktonic development. 
Along with brooding comes a decrease in the 
number of eggs and an increase in egg size, 
factors which involve more complex evolu- 
tionary change. There is a veliger within the 
egg sac, but the velum is poorly developed. 


7. Ecological role of the calyptraeids 


The evolution of the calyptraeids filled an 
ecological role new for the gastropods. 
Calyptraeids are not convergent with patel- 
lids of other limpets except in having a 
protective cap-like shell, which is of general 
benefit to sedentary organisms and probably 
evolved in conjunction with filter feeding. 
Instead, they are ecologically convergent 
with oysters. It may be significant that the 
middle Cretaceous was a high point in 
numbers of oyster species. There was a 
decrease in oyster diversity at about the time 
the calyptraeids were evolving (the late 
Cretaceous). That conditions continued to 
be adequate for large filter-feeding shallow 
water mollusks is indicated by the huge size 
and population numbers (if not variety) of 
Eocene oysters, and by paleoecological tem- 
perature data, and the presence of rich, 
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shallow, marine deposits (Gardner, 1957). 
While calyptraeids certainly did not forcibly 
replace oysters (cause them to become ex- 
tinct), they may have filled space left by 
groups as they became extinct. Or, they 
simply evolved in concert with the oysters 
in times good for sedentary filter feeders in 
general, surviving without much contraction, 
whereas many of the highly specialized 
oysters did not survive. 

Similarities of calyptraeids with oysters 
include filter feeding (true archaeogastropod 
limpets are grazers), attachment to hard 
substrates, the ability to attach to each other 
to avoid mud and their own pseudofaeces, 
and the ability to change sex. Both groups 
possess extreme flexibility in shape. Grazing 
limpets cannot adapt themselves to any 
permanent site, for they must move to eat; 
instead, they often conform their resting 
spot to their shell by eroding the rock under 
them. Most oysters and all calyptraeids have 
some degree of brooding of young followed 
in some species by a planktonic stage. 
Crepidula can live at higher densities than 
can true limpets because they need not 
graze. Differences between calyptraeids and 
oysters include copulation in the former, 
and avoidance of regions with heavy siltation 
in the latter. Calyptraeids may also be 
compared with Anomiidae, a group of bi- 
valves with an oyster-like life style. 

A 2nd role taken up by the Calyptraeidae 
and new to mollusks 15 that of the white 
planar Crepidula species, which live inside 
dead shells or in other dark, protected 
places. This group has sacrificed access to 
strong water currents and is tolerant of silt; 
it is strongly photonegative. Those larvae 
which settle in protected places are under 
unique selection pressure, for conditions are 
quite different from those to which photo- 
positive species are exposed. Loss of pigment 
is a common occurrence among animals 
occupying dark habitats. The plastic shape 
of Crepidula would have allowed some indi- 
viduals to conform reasonably well to con- 
cave inner shell surfaces, before the planar 
tendency became genetically fixed. 

Finally, some species of Crepidula have 
become adapted to the intertidal zone. 
Forms such as C. convexa attach themselves 
to intertidal as well as subtidal gastropods, 
and have little trouble surviving out of water 
for the time period of a tidal cycle. It is not 
difficult to see how this specialization came 
about, since many Crepidula species are only 


weakly selective in choice of substrate. 
Those which find themselves on Littorina 
littorea, for example, have a chance to 
survive only if they can withstand desicca- 
tion. The majority of Crepidula species are 
rarely found in truly intertidal situations, 
but do inhabit tidepools. 


CONCLUSIONS 


Crepidula is difficult taxonomically if 
only shell features are available. Constraints 
of their largely sedentary life style have 
caused convergences in shell form. Plasticity 
of size, shape, and even life history char- 
acters such as age at maturity, create enor- 
mous intraspecific variability. However, 
visibly expressed genetic differences are rare. 

The natural environment of Crepidula, 
the shallow coastal regions, are unstable in 
geologic time. But in the fossil record, 
species survival is high, probably because 
most Crepidula species are physiological 
generalists, and all possess phenotypic plas- 
ticity. 

The genus is successful world-wide in 
terms of species numbers, abundance, and 
persistence. Several large species with plank- 
tonic larvae (Crepidula fornicata, С. onyx) 
are nuisance organisms because of their 
success at colonization and multiplication. 
However, in the course of geologic time, 
some species which lack a planktonic stage 
have become as widely distributed. Crepid- 
ula species frequently transgress zoogeo- 
graphic province boundaries, and interpopu- 
lation communication is high enough that 
centers of endemism are rare. Wright (1955) 
predicted that evolutionary change without 
splitting of the stock into localized species 
should prevail when local demes have high 
gene flow (and, | would add, similar selective 
regimes). This appears to be the case in C. 
adunca, C. aculeata, and other Crepidula. 

Modes and rates of speciation and evolu- 
tionary change are difficult to quantify. 1 
hypothesize that there should be differences 
between the species with pelagic and non- 
pelagic development because the pelagic 
developers produce about 100 times as many 
offspring, with intense selection pressure оп 
the young. Also, they tend to have much 
more densely packed adult populations, have 
gregarious spat, and have more widespread 
and complex distribution of offspring. 

The fossil record of the family Calyp- 
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traeidae does not clearly reveal the order of 
evolutionary events, except to suggest that 
the group evolved rapidly once a few critical 
steps were attained. These were adaptation 
of the gill for filter feeding, which allowed 
sedentary life (made more efficient by copu- 
lation and protandry), which in turn allowed 
the brooding of young under the foot. 

Work remaining to be done on Crepidula 
includes taxonomic study of African species, 
and anatomical examination of all species, 
especially the white, planar forms. More 
complete data on reproduction and life 
history of all species are needed to test the 
hypotheses | have constructed. Because of 
their wide latitudinal distribution and dif- 
ferences in reproduction and behavior, 
Crepidula species can become important 
organisms in the study of population 
genetics, ecology and evolution, now that 
the general systematics are better under- 
stood and updated. 
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INDEX TO SCIENTIFIC NAMES 


Acmaea, 394 
aculeata, Crepidula, 353, 358, 363, 364, 365, 366, 
371, 374, 397, 399, 400, 401, 402, 403, 
404, 405, 407, 411 
aculeata, Crypta, 397 
aculeata, Patella, 364 
acuta, Crepidula, 369, 370 
adolphei, Calyptraea, 372 
adspersa, Crepidula, 355 
adunca, Crepidula, 353, 358, 359, 360, 362, 363, 
366, 367, 368, 369, 371, 374, 381, 384, 
386, 397, 399, 402, 403, 404, 405, 406, 
407, 411 
adunca, Garnotia, 397 
aeola, Crepidula, 368 
aesop, Crepidula, 368 
altavillensis, Crepidula, 356 
amygdalus, Calyptraea, 384 
Anomiidae, 411 
aplysioides, Crepidula, 364, 369, 384, 395 
arenata, Calyptraea, 374, 375 
arenata, Crepidula, 375, 384 
atra, Crepidula, 356 
auricula, Crepidula, 355 
avirostra, Crepidula, 371 
bilobata, Crepidula, 373, 374 
Bostrycapulus, 399 
bractea, Crepidula, 373 
calceolina, Crepidula, 388, 389 
californica, Crepidula, 364 
Calliostoma, 368, 369 
Calyptraea, 374, 378, 395, 399, 408, 409, 410 
adolphei, 372 
amygdalus, 384 
arenata, 374, 375 
chiliensis, 356 
chinensis, 399 
crepidularis, 356 
deformis, 409 
depressa, 356 
dorsata, 373 
echinus, 364 
excavata, 374 
incurva Broderip, 380 
incurva Zittel, 380 
lessonii, 391 
marginalis, 382 
monoxyla, 382 
navicella, 356 
pallida, 372 
pileolus, 354 
plana Adams & Reeve, 393 
squama Broderip, 391 
squama Deshayes, 391 
strigata, 372 
Calyptraeacea, 408, 409 
calyptraeformis, Crepidula, 356 
Calyptraeidae, 353, 354, 357, 362, 408, 409, 410, 
411,412 
candida, Crepidula, 388, 389 
capensis, Crepidula, 372 
cerithicola, Crepidula, 380, 381 
charybdis, Verticumbo, 374 
Cheilea, 408 
chiliensis, Calyptraea, 356 
chinensis, Calyptraea, 399 
chinensis, Crepidula, 364, 394, 399, 400, 401, 402, 
404, 408 


chinensis, Noicia, 397 
Cirriformis 
tentaculata, 393 
cochleare, Crepidula, 389, 390 
cochleare, Crepidula unguiformis, 358, 389 
coei, Crepidula, 383, 387 
contorta, Crepidula, 382, 383, 384 
contorta, Crepidula monoxyla, 358 
convexa, Crepidula, 355, 358, 360, 361, 363, 368, 
369, 370, 371, 385, 396, 397, 399, 400, 
401,402,403,404, 405, 406, 407, 410, 411 
cooksoniae, Crepidula, 394 
corcovada, Crepidula, 371 
coriocella, Crepidula, 356 
cornu-arietis, Crepidula, 381 
cornucopiae, Crepidula, 366, 367, 368, 407 
costata, Crepidula, 358, 363, 370, 371, 383, 399, 
400, 401, 402, 404, 405 
costata Deshayes, Crepidula, 364, 365, 370 
costata Menke, Crepidula, 364, 365 
costata Morton, Crepidula, 364, 365, 366, 370 
costata Sowerby, Crepidula, 364, 365, 366, 370 
costulata, Crepidula, 380, 381 
Crepidula, 352-417 
crepidula, Crepidula, 388, 389 
crepidula, Patella, 388, 389 
crepidularis, Calyptraea, 356 
Crepidulidae, 362 
Crepipatella, 362, 372, 397, 399 
fluctuosa, 373 
“Crepipatella,’ 374, 408 
Crucibulum, 354, 362, 372, 393, 395, 408, 409, 
410 
Crypta, 397, 399 
aculeata, 356, 357 
densata, 375 
excavata, 397 
fornicata, 397, 399 
lamellosa, 393, 394 
nautarum, 375 
navicula, 356 
onyx, 397 
pileum, 385 
plana, 393 
porcellana, 397 
praerupta, 368 
profunda, 382 
rostralis, 366, 368, 369 
striata, 356 
unguiculus, 390 
walshi, 393 
cymbaeformis, Crepidula, 353, 358, 364, 366, 371, 
394, 400, 401, 402, 405, 406, 407 
deformis, Calyptraea, 409 
densata, Crypta, 375, 376 
densistriata, Crepidula, 371 
depressa, Calyptraea, 356 
depressa, Crepidula, 372, 389, 390, 393 
deshayesii, Crepidula, 388, 389 
dickersoni, Crepidula, 385 
dilatata, Crepidula, 358, 359, 363, 372, 379, 388, 
397,399, 400, 401, 402, 404, 405, 407 
diminutiva, Crepidula, 358, 373, 400, 407 
Dispotaea, 399 
dorsata, Calyptraea, 373 
dorsata, Crepidula, 358, 364, 372, 373, 374, 400, 
401, 402, 403, 404, 405, 406, 407, 408 
dumosa, Crepidula, 381 
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echinus, Calyptraea, 364 
echinus, Crepidula, 365 
Ergaea, 399 
walshi, 393, 397 
excavata, Calyptraea, 374 
excavata, Crepidula, 358, 359, 363, 374, 375, 376 
382, 384, 400, 401, 402, 404, 406, 407 
excavata, Crypta, 397 
excentricus, Galeropsis, 385 
excisa, Crepidula, 393 
explanata, Crepidula, 391 
exuviata, Crepidula, 391 
fasciata, Crepidula, 388 
fimbriata, Crepidula, 391,397 
fissurata, Crepidula, 373, 384 
fluctuosa, Crepipatella, 373, 374 
foliacea, Crepidula, 364 
fornicata, Crepidula, 353, 357, 358, 360, 362, 364, 
366; 369, 371, 372923765378; 379,382; 
384, 385, 390, 397, 399, 400, 401, 402, 
403, 404, 405, 406, 407, 408, 411 
“fornicata”” Costa Crepidula, 378 
“fornicata” Philippi, Crepidula, 378 
fornicata, Crypta, 397,399 
fornicata, Patella, 362,375 
Galeropsis 
excentricus, 385 
Galerus, 399 
Garnotia, 397, 399 
adunca, 397 
solida, 366 
Gastropoda, 354 
gaultina, Crepidula, 378 
gibbosa, Crepidula, 358, 364, 376, 378, 400, 401, 
402, 404, 407 
gigas, Strombus, 369 
glauca, Crepidula, 369, 370 
Glottidia, 393 
glottidiarum, Crepidula nivea, 390, 393 
goreensis, Crepidula, 355, 390 
goreensis, Patella, 388 
grandis, Crepidula, 358, 359, 363, 372, 373, 378, 
379,386, 395, 400, 401, 402, 404, 407 
gravispinosa, Crepidula, 364, 365 
gregaria, Crepidula, 372,379, 394, 400, 401, 402, 
404, 407, 410 
Haliotis, 380 
haliotoidea, Crepidula, 379 
hepatica, Crepidula, 369,375,385, 395 
hochstetteriana, Crepidula, 380 
holurthii, Crepidula, 356 
hystrix, Crepidula, 364, 365 
lanacus, 353, 397, 399, 403, 409 
isabellae, 395 
unguiculus, 390 
“lanacus,” 408 
immersa, Crepidula, 358, 363, 376, 380, 383, 400, 
401, 402, 408 
incurva Broderip, Ca/yptraea, 380 
incurva Zittel, Calyptraea, 380 
incurva, Crepidula, 358, 363, 369, 371, 380, 381, 
395, 400, 401, 402, 403, 407 
incurva Broderip, Crepidula, 394 
incurva Zittel, Crepidula, 394 
incurvata, Crepidula, 395 
inornata, Crepidula, 385 
intorta, Crepidula, 364 
intorta,” “Crepidula, 365 
intorta, Patella, 365 
isabellae, lanacus, 395 
isimotoi, Crepidula, 355 
italica, Crepidula, 388 
jimboana, Crepidula, 355 


, 


juliella, Crepidula, 394 
lamellosa, Crypta, 393, 394 
lamina, Crepidula, 389, 390 
lentiginosa, Crepidula, 355, 375 
lessonii, Calyptraea, 391 
lessonii, Crepidula, 353, 358, 364, 386, 389, 390, 
391, 392, 400, 401, 402, 404, 407, 408 
lineolata, Crepidula, 371 
lingulata, Crepidula, 373, 374, 397 
lirata, Crepidula, 358, 363, 380, 381, 400, 401, 
402, 405, 407, 409, 410 
lirata Conrad, Crepidula, 380, 381 
lirata Reeve, Crepidula, 380, 381 
littorea, Littorina, 411 
Littorina 
littorea, 411 
maculata, Crepidula, 364 
maculosa, Crepidula, 358, 363, 374,375, 381, 384, 
400, 401, 402, 403, 404, 405, 406, 407 
maculosa Conrad, Crepidula, 381 
maculosa Gmelin, Patella, 381 
Maoricrypta, 397, 399 
youngi, 394 
marginalis, Calyptraea, 382 
marginalis, Crepidula, 353, 358, 364, 376, 382, 
385, 400, 401, 407 
minuta, Crepidula, 390, 393 
monoxyla, Calyptraea, 382, 389 
monoxyla, Crepidula, 358, 363, 376, 380, 382, 
383, 389, 397, 399, 400, 401, 402, 404, 408 
moulinsii, Crepidula, 378 
mytilina, Crepidula, 356 
mytiloidae, Crepidula, 395 
naticarum, Crepidula, 358, 363, 375, 383, 387, 
393, 400, 401, 403, 404, 406, 407 
naticarum, Crepidula rugosa, 383 
nautarum, Crypta, 375 
nautiloides, Crepidula, 372, 376 
navia, Crepidula, 355 
navicella, Calyptraea, 356 
navicelloides, Crepidula, 390 
navicelloides, Scutellina, 394 
navicula, Crepidula, 369, 370 
navicula, Crypta, 356 
nebulata, Crepidula, 391 
Neojanacus, 397 
nidatoriensis, Crepidula, 355 
nivea, Crepidula, 353, 358, 364, 391, 392, 397, 
400, 401, 403, 404 
Noicia, 394, 399 
chinensis, 397 
Norrisia, 387 
norrisiarum, Crepidula, 358, 359, 363, 371, 375, 
383, 384, 387, 394, 395, 397, 399, 400, 
401, 402, 403, 404, 405, 406, 407 
norrisiarum, Crepidula rugosa, 383 
nummaria, Crepidula, 358, 359, 364, 386, 390, 
391, 392, 393, 395, 397, 400, 401, 402, 
403, 404, 405, 406, 407, 408 
onyx, Crepidula, 358, 360, 364, 369, 371, 375, 
376, 381, 382, 384, 385, 397, 399, 400, 
401, 402, 403, 404, 406, 407, 410, 411 
onyx, Crypta, 397 
orbella, Crepidula, 393, 394 
orbiculata, Crepidula, 373, 374 
osculans, Crepidula, 394 
pallida, Calyptraea, 372 
paranensis, Crepidula, 356 
parisiensis, Crepidula, 356 
patagonica, Crepidula, 372 
Patella 
aculeata, 364 
crepidula, 388, 389 
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fornicata, 362,375 
goreensis, 388 
intorta, 365 
maculosa Gmelin, 381 
“Patella,” 375 
patula, Crepidula, 372 
pedum, Crepidula, 356 
perforans, Crepidula, 358, 364, 390, 391, 392, 
400, 401, 406 
peruviana, Crepidula, 372 
phalaena, Crepidula, 371 
Phenacolepas, 394 
pileoides, Crepidula, 356 
pileolus, Calyptraea, 354 
pileum, Crepidula, 358, 385, 400, 401, 402, 406, 
407 


pileum, Crypta, 385 

pileum, Spirocrypta, 385 

plana Adams & Reeve, Calyptraea, 393 

plana, Crepidula, 353, 360, 362, 376, 385, 386, 
388, 389, 390, 392, 397,399, 403, 404, 405, 
406, 407, 408 

plana Say, Crepidula, 393 

plana, Crepidula unguiformis, 358, 388, 404 

plana, Crypta, 393 

ponderosa, Crepidula, 365, 366 

porcellana, Crepidula, 355, 375, 385, 399 

porcellana, Crypta, 397 

praerupta, Crepidula, 353, 386, 406 

praerupta, Crepidula princeps, 386 

praerupta, Crypta, 368, 407 

princeps, Crepidula, 353, 358, 363, 379, 385, 386, 
397, 400, 401, 402, 404, 405, 406, 407, 
408, 410 

profunda, Crepidula, 383 

profunda, Crypta, 382 

protea, Crepidula, 358, 364, 386, 387, 388, 400, 
401, 402, 404, 407 

pulchella, Crepidula, 378 

recurvirostra, Crepidula, 371 

rhyssema, Crepidula, 389 

riisei, Crepidula, 375, 376 

rostralis, Crypta, 366, 368, 369, 386 

rostrata, Crepidula, 368, 369 

rostriformis, Crepidula, 366, 369 

rugosa, Crepidula, 356, 388 

rugosa Anton, Crepidula, 384 

rugosa ''Nuttall’’ Carpenter, Crepidula, 384 

rugulosa, Crepidula, 372 

sandaliformis, Crepidula, 388, 389 

sandalina, Crepidula, 388, 389 

Sandalium, 399 

scabies, Crepidula, 393 

Scutellina, 394 

navicelloides, 394 
sinuosa, Crepidula, 388, 389 
Siphopatella, 353, 393, 397, 399 


“Siphopatella, 408 
sitchana, Crepidula, 395 
solea, Crepidula, 356 
solida, Crepidula, 366, 369 
solida, Garnotia, 366 
sordida, Trochita, 374 
spinosa, Crepidula, 365, 366, 402, 405, 407 
spinosa, Crepidula aculeata, 358, 359, 360, 361, 
363, 365,366, 400, 401, 406 
Spirocrypta 
pileum, 385 
squama Broderip, Calyptraea, 391 
squama Deshayes, Calyptraea, 391 
squamosa, Crepidula, 356 
striata, Crepidula, 399 
striata, Crypta, 356 
strigata, Calyptraea, 372 
strigata, Crepidula, 372 
strigellata, Crepidula, 391 
striolata, Crepidula, 353, 364, 390, 391, 392, 400, 
401, 402 
striolata, Crepidula lessonii, 358 
Strombus 
gigas, 369 
subdilatata, Crepidula, 372 
subspirata, Crepidula, 356, 372 
succinea, Crepidula, 395 
sulin, Crepidula, 355 
tentaculata, Cirriformis, 393 
Thyca, 409 
tomentosa, Crepidula, 364, 365 
Trichotropis, 354, 410 
Trochita, 408, 409, 410 
sordida, 374 
turugasakana, Crepidula, 355 
uncata, Crepidula, 353, 366, 368, 369 
uncata, Crepidula adunca, 363, 366, 400, 401 
uncinata, Crepidula, 372 
ungana, Crepidula, 353, 386 
unguiculus, Crypta, 390 
unguiculus, lanacus, 390 
unguiformis, Crepidula, 353, 356, 358, 362, 364, 
376, 383, 385, 388, 389, 390, 392, 395, 
399, 400, 401, 402, 404, 405, 407, 408 
Verticumbo 
charybdis, 374 
virginica, Crepidula, 375, 376 
walshi, Crepidula, 358, 364, 389, 393, 394, 399, 
400, 401, 402, 404, 408 
walshi, Crypta, 393 
walshi, Ergaea, 393, 397 
wilckensi, Crepidula, 394 
williamsi, Crepidula, 391 
youngi, Crepidula, 363, 394, 400, 401, 404 
youngi, Maoricrypta, 394 
Zeacrypta, 397, 399 
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ABSTRACT 


A review of prior reproductive studies on Sphaerium corneum, S. rivicola, S. simile, S. 
solidum, S. striatinum, Musculium japonicum, M. lacustre, M. partumeium, M. securis and M. 
transversum is provided, and original findings are presented on Sphaerium corneum, S. fabale, 
S. forbesii, S. nitidum, S. occidentale, S. patella, S. rhomboideum, S. simile, S. striatinum, 
Musculium lacustre, M. novaezelandiae, M. partumeium, M. securis, M. tasmanicum and M. 
transversum. 

Sphaerium and Musculium undergo internal fertilization, with incubation of developing 
young (F1) taking place in special brood sacs that form in the anterior, inner demibranchs. 
An adult can contain Fy in as many as 4 developmental stages in an ontogenetic series, each 
arising from a different time of fertilization: embryos, fetal larvae, prodissoconch larvae and 
extra-marsupial larvae. The 1st 3 groups occur in primary, secondary and tertiary sacs, 
respectively, whereas the extra-marsupial larvae occur either free in the interlamellar space 
prior to birth or are byssally attached to the demibranch. 

Fertilization and birth can occur at any time in an animal, but, because of relative 
synchronization of individuals, a population can display seasonal, peak periods of those 
activities. 

Gravid Sphaerium and Musculium contain about the same definitive number of brood 
sacs, but most Sphaerium, inhabiting permanent waters, contain significantly fewer Fy та 
sac. Sacs of $. occidentale and Musculium, often in temporary ponds, contain numerous F1, 
a condition arising through the fusion of many primary sacs with 1 F1 each. Larger, older 
adults typically contain larger numbers of F1. 

Extra-marsupial larvae of most Sphaerium already contain eggs and sperm, whereas 
gametes are not present in $. occidentale and Musculium until after birth. The latter feature, 
the occurrence of many Е; per brood sac and the presence of a functional larval byssus are 
interpreted as adaptations of S. occidentale and Musculium to ephemeral habitats. 

Fecundity 15 evaluated in terms of current ecological theory. Sphaerium occidentale and 
Musculium are “'r-strategists'” in ephemeral habitats, devoting more energy to reproduction. 
In contrast, other Sphaerium and Pisidium in perennial habitats are ‘‘K-strategists,”’ 
expending greater energy on such non-reproductive activities as competition. However, when 
in the same habitat, Pisidium has larger definitive broods than does Sphaerium; Pisidium spp. are 
thus r-strategists in comparision to Sphaerium, but at lower efficiency than in Musculium. 

In general, Sphaerium spp. appear to have a longer life cycle and life span than do Musculium 
spp. The phenological nature of most species, i.e., whether semelparous or iteroparous, must yet 
be determined, although that condition might vary intraspecifically under the influence of 
different environmental conditions. 


INTRODUCTION demibranchs. Trochophore and 


veliger 


The freshwater clam family Sphaeriidae 
comprises 4 genera: Sphaerium Scopoli, 
Musculium Link, Pisidium C. Pfeiffer and 
Byssanodonta Orbigny (= Eupera Bour- 
guignat). All species of these groups are 
monoecious and ovoviviparous. Fertilization 
is “internal,” with the developing young 
being incubated within the anterior, inner 


stages are suppressed, and in external ap- 
pearance the newborn are essentially mini- 
atures of the adults. 

Reproduction in several species of 
Sphaerium has previously been described 
(cf. Alimov, 1967; Avolizi, 1971; Foster, 
1932; Gilmore, 1917; Groenewegen, 1926; 
Monk, 1928; Thiel, 1924, 1926, 1928, 
1930; Zumoff, 1973). In each case rela- 


1This investigation was supported in part by grants 5 T1 A1 41-05 (2E-41) from the National Institute 
of Allergy and Infectious Diseases, U.S. Public Health Service, and GB-4626 from the U.S. National 


Science Foundation. 
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tively few young were present, and the 
young incubating simultaneously in a gravid 
animal were typically of quite different 


sizes and stages of development. Inter- 
specific variations suggested by those 
accounts are the number of developing 


young per parent, birth periods and life 
span. 

The same findings resulted from prior 
studies on several species of Musculium (cf. 
Gale, 1969; Mackie, 1973; Mitropolskji, 
1965; Okada, 1935b; Thomas, 1959, 1963, 
1965), except that gravid animals contained 
comparatively large numbers of developing 
young. Many workers (e.g., Herrington, 
1962) consider Musculium to be a syno- 
nym, or at most a subgenus, of Sphaerium 
because of the lack of significant diagnostic 
shell characteristics that can distinguish the 
2 groups. However, as will be documented 
in this report, they can be discriminated by 
differences in reproductive habits, and each 
is considered here to represent a valid 
genus. 

In Pisidium s.!., 1 one or more broods 
(litters) of variable size are produced each 
year, all of the developing young in a 
gravid adult are of similar size, and differ- 
ent numbers of broods and life spans occur 
among different populations of the same 
species (Gillespie, 1969; Heard, 1965a; 
Ladle & Baron, 1969; Meier-Brook, 1970). 

Little is known about reproduction in 
Byssanodonta, except that brood sacs are 
lacking (Heard, 1965b), and that the young 
simultaneously incubating in a gravid adult 
are similar in size (Mackie & Huggins, т 
press; Heard, unpubl.). 

Three major problems are encountered 
in interpreting findings from reproductive 
studies: the method(s) employed, whether 
the results reflect features of the entire 
population, of an individual or of both, 
and terminology. 

In some sphaeriid studies, at least month- 
ly samples were not taken and observations 
were not made over several consecutive 
seasons. Moreover, different methods were 
employed by various workers (see next 
section), some of whom conducted more 
thorough studies than did others. 

In addition, some accounts of repro- 
duction outlined features of a population 
and did not adequately, № at all, treat the 
performance of individuals. This short- 
coming may lead to an incomplete or 
otherwise erroneous interpretation, since 


different kinds of reproductive habits by 
individuals can contribute to the same 
pattern in the population. For example, a 
bimodal appearance of young (small) 
animals in a population during a year might 
be the result either of highly synchronized 
individuals simultaneously reproducing 
twice in the year, or of poorly synchron- 
ized individuals reproducing only once in 
the year, at any time but mainly at 2 
different times (see Vail, 1977). 

Different authors have employed the 


terms “reproduction” and “the breeding 
season” to describe gravid (incubation) 
periods, birth periods or even seasonal 
gonad activity. Although several onto- 


genetic stages of development have been 
defined (viz., embryo - fetal larva - pro- 
dissoconch larva - extramarsupial larva; see 
Okada, 1935b, 1936, 1938 and 1935b, 
respectively), nearly all authors have used 
the term “embryo” for every stage. 

The following terms and their defi- 
nitions are listed here for the convenience 
of the reader, and also to establish a 
terminology that can be applied with 
consistency in future studies. Adults: free- 
living, non-marsupial adults that are large 
(old) enough to be gravid; contrast with 
subadults, and also see P,. Annulus: a form 
of growth interruption on the striae of the 
valves; often treated as an annual phenome- 
non, but may represent an environ- 
mentally-induced cessation of growth that 
may occur more than once a year or even 
not at all. Brood (litter): see definitive 
brood and total brood. Definitive brood: 
all newborn generated in any single repro- 
ductive cycle; also see total brood. 
Embryos: а _ developmental stage of 
incubating young from zygote through 
gastrulation; occurring in primary brood 
sacs and lacking a shell. Extra-marsupial 
larvae: shelled developing young that have 
broken free from tertiary brood sacs but 
are still contained in the marsupium prior 
to birth. F,: a collective designation given 
to all incubating young regardless of stage 
of development; does not include newborn. 
Fetal larvae: a postembryonic stage of 
incubating young from the completion of 
gastrulation to the beginning of shell 
formation; occurring in secondary brood 
sacs. Generation: a group of subadults or 
adults of similar size and age, although 
possibly derived from parents of differing 
sizes and ages. Gonad activity: the seasonal 
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condition of the gonads with reference to 
the occurrence and relative abundance of 
gametogenetic stages and gametes. Itero- 
parity: the habit of more than 1 repro- 
duction in the life span of individuals in a 
population, or more than 1 reproduction in 
the population in a year (exact meaning 
should be clearly indicated in context); 
contrast with semelparity. P,: a collective 
designation given to all non-developing 
individuals, viz. subadults and adults. Pre- 
cocious maturation: the production of 
gametes by extra-marsupial larvae. Primary 
brood sacs: hollow enclosures, 1-cell-layer 
thick, emanating from the inner surface of 
the filaments of the outer lamella of the 
anterior demibranchs; containing 1 or more 
embryos; also see secondary and tertiary 
brood sacs. Prodissoconch larvae: a post- 
fetal stage of incubating young from the 
beginning of shell formation to escape from 
the tertiary sacs. Secondary brood sacs: 
hollow enclosures, 2-cell-layers thick, 
ontogenetically derived from primary brood 
sacs; containing 1 or more fetal larvae; also 
see primary and tertiary brood sacs. Semel- 
parity: production of only a single brood 
(litter) in the life span of individuals in a 
population, or just 1 reproduction in the 
population in a year; contast with itero- 
parity. Sexual maturity: the time or age in 
the life cycle when the animals 1st become 
gravid. Subadults: postlarval animals too 
young (small) to be gravid. Tertiary brood 
sacs: hollow enclosures, 2-cell-layers thick, 
ontogenetically derived from secondary 
brood sacs; containing 1 or more pro- 
dissoconch larvae; also see primary and 
secondary brood sacs. Total brood: all F, 
generated in any single reproductive cycle, 
some of which may die before attaining 
full development and birth; also see defini- 
tive brood. 

This paper consists, in order, of descrip- 
tions of features of reproduction in Sphae- 
rium and Musculium, a section detailing 
prior reports and original findings on all 
investigated species of those genera, and a 
discussion of reproductive strategies in the 
Sphaeriidae. 


METHODS 


Prior Investigations 


Approaches and procedures used т 
previous studies of sphaeriid reproduction 
were: (1) analysis of seasonal field col- 
lections, typically involving seasonal size- 
frequency histograms of P, (cf. Avolizi, 
1971; Foster, 1932; Gale, 1969; Gillespie, 
1969; Heard, 1965a; Ladle & Baron, 1969; 
Mackie, 1973; Meier-Brook, 1970; Mitro- 
polskji, 1965; Monk, 1928; Thomas, 1959, 
1963, 1965; Thut, 1969); (2) anatomical 
studies, providing data on at least numbers 
of Е, and sometimes on the stages of Е, 
present (Avolizi, 1971; Foster, 1932; Gale, 
1969; Groenewegen, 1926; Mackie, 1973; 
Meier-Brook, 1970; Mitropolskji, 1965; 
Okada, 1935b; Zumoff, 1973); (3) seasonal 
gonad activity, employed to interpret 


seasonal periods of peak abundances of 
eggs and sperm as major times of fertili- 
zation (Heard, 1965a; Mackie, 1973; 


Okada, 19356; Zumoff, 1973); (4) seasonal 
maintenance“ of P, т containers in a 
natural habitat, with determination of 
growth rates and births (Avolizi, 1971; 
Mackie, 1973; Thiel, 1924-1930); (5) 
maintenance? of P, т aquaria, chambers 
or tubes, for purposes noted in method 4 
(Gale, 1969; Mackie, 1973; Monk, 1928); 
(6) culture2 of P, т containers in the 
laboratory, for purposes noted in method 4 
(Mackie, 1973; Thomas, 1959-1965); and 
(7) marking, release and recapture, to 
determine life span (Herrington, 1944, 
1948). 


The Present Study 


Methods 1, 2 and 3 were used in this 
study. In addition, tribasic sodium phos- 
phate was utilized for the rehydration of 
museum specimens (see below). 

Consecutive monthy collections from 1 
population each of Sphaerium fabale, $. 
rhomboideum and $. striatinum were made 
in southeastern Michigan, U.S.A., during 
1959-1961. Some of these collections pro- 
vided а quantitative  “isolation-rotting 
sample,” described below, and they and 
other collections provided animals which 
were preserved for subsequent anatomical 
and histological studies. 


2in maintenance of Pı, young are born, but the newborn are not kept alive long enough to determine 
their life cycle. In contrast, cu/turing involves keeping successive groups of newborn alive in order to 


ascertain details of that cycle. 
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The sizes of the isolation-rotting samples 
were determined by the population size of 
each species: about 50 $. fabale рег month 
and about 150 $. striatinum per sample; 
the numbers were highly variable in $. 
rhomboideum, (25-111), which was unpre- 
dictable in abundance. Animals of each 
sample were those from the first encount- 
ered until the maximum number per 
sample was obtained. There was no selec- 
tion for any size among the animals 
collected, but the large-sized mesh of the 
net (about 4.75 mm?) precluded the 
capture of newborn and smaller subadults. 
Immediately upon collection, each animal 
was isolated in a 1/2-ounce screw-cap 
bottle filled with water. After the tissues 
had subsequently rotted, the intact shells 
of the P, and any developing pro- 
dissoconch and extra-marsupial larvae pre- 
sent were recovered. Their number and 
size(s) yielded a partial measure of the 
reproductive performance of each P,, in 
each size and age class (Heard, 1964, 
1965a). This isolation-rotting technique 15 
satisfactory for species in which all defini- 
tive Е, in a gravid P, are very similar in 
size and development (viz., Pisidium, 
Heard, 1965a), but it provides incomplete 
data on species that possess F, of varying 
size and stage of development simultane- 
ously incubating in the same adult (Sphae- 
rium and Musculium). It reveals the pre- 
sence only of incubating young with shells 
(prodissoconch and extra-marsupial larvae), 


and not the occurrence of younger F; 
(embryos and fetal larvae). The tribasic 
sodium phosphate technique (see below) 
has the same limitation, but both methods 
have value in that they can provide a rough 
index to brood size, indicate approximate 
birth sizes, and suggest birth periods when 
applied to seasonal collections. 

Dried specimens of Sphaerium forbesii, 
$. nitidum, $. occidentale, “Musculium” 
novaezelandiae and “М.” tasmanicum from 
collections in the Museum of Zoology, 
University of Michigan, were rehydrated in 
a saturated solution of tribasic sodium 
phosphate for several days (see Heard, 
1964). The shelled larvae present were 
dissected out, counted and measured. 

Live animals of 8 species of Sphae- 
rium and 4 species of Musculium were nar- 
cotized with 10% sodium nembutal (see Van 
der Schalie, 1953), fixed in Lavdov- 
sky’s mixture and preserved in 70% ethyl 
alcohol. The gonads were removed from 
3-5 P, from each consecutive monthly 
collection from 7 populations of 4 species 
of Sphaerium (cf. Table 1), and prepared 
for histological examination by the meth- 
ods of Heard (1965a). Extra-marsupial 
larvae were decalcified with a 1% solution 
of hydrochloric acid in 70% alcohol, and 
then prepared in toto for histological 
examination according to those same meth- 
ods. 

It is necessary to dissect preserved P, in 
order to obtain data on the number and 


TABLE 1. Seasonal Py, gonad activity in different populations of Sphaerium. 


Peak periods of 


Greatest abundance of 


Species Oogenesis Spermatogenesis Eggs Sperm 

S. fabale April-September March-April May May-September 

(Chilson Road stream) 

S. rhomboideum April-June April-October April; 
July-September August-September 

$. simile [no peak] April-July 

(Fleming Creek) September-October September-May September-November 

$. simile March early March; April-July early March; 

(Ore Creek) late April-July August-September 

S. striatinum July March-early April; all months late April; 

(Ore Creek) late May-July except July August-October 

Sd striatinum May-August May-August April; April; 

(River Raisin) September September 

S. striatinum July-August May-August; March-April; March-April; 

(Oxbow Lake) October September-October September-November 
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different kinds of brood sacs present as 
well as on the number of Е, per brood sac. 
One disadvantage of this approach is that 
unless the P, are preserved immediately 
upon collection ‘ог are kept cooled until 
anesthetized at some distance from each 
other (so that any “newborn” can be 
associated with a particular P,), some or all 
of the extra-marsupial larvae may be pre- 
maturely born or aborted, with the result 
that the number of incubating Е, found 
upon dissection may be misleading. 
Another shortcoming of this method is that 
the shells of very small prodissoconch 
larvae are difficult to detect by comparison 
to the isolation-rotting and tribasic sodium 
phosphate techniques. 


LIST OF SPECIES AND 
COLLECTION SITES 


The sphaeriids studied during this inves- 
tigation were collected from the localities 
listed below. The nature of this material, 
classified according to the method of 
preparation and examination, is indicated 
by the following abbreviations: IR (quanti- 
tative, seasonal life history samples by 
isolation-rotting technique), P (preserved 
animals for dissection) and for TSP (tri- 
sodium phosphate treatment). 

Sphaerium corneum (Linnaeus). (1) Bay 
of Quinte (of northern Lake Ontario) at 
Pleasant Pt., Cressy, Prince Edward County, 
Ontario, Canada. 1 July 1960; P. (2) Lake 
Erie, 7 mi SW of Colchester, Essex County, 
Ontario, Canada. 12 June 1961; P. 

S. fabale (Prime). (1) Un-named stream 
at road to Chilson, 3 mi NW of Lakeland, 
Livingston County, Michigan, U.S.A. IR: 
10 monthly collections from March 
through November 1961, and P: 11 
monthly collections from December 1960 
through November 1961. (2) Beaver Creek 
at Lee Ford, Knox County, Tennessee, 
U.S.A. 26 May 1960; P. 

$. forbesii (Philippi). 4 lots of dried 
museum specimens from Peru. No dates on 
labels; TSP. 

S. nitidum Clessin. (1) 28 lots of dried 
museum specimens from Alaska, U.S.A., 
and Northwest Territories, British Colum- 
bia, Saskatchewan, Ontario, northern Lake 
Superior, Quebec and Newfoundland, all т 
Canada. June, July and August of 18 
different years; TSP. (2) Lake Michigan, off 


Grand Haven, Ottawa County, Michigan, 
U.S.A. 25 June 1954; P. 

S. occidentale (Prime). (1) 4 lots of 
dried museum material from the vicinity of 
Newburgh, Lennox and Addington County, 
Ontario, Canada. 29 March 1966, 19 June 
1946 (same specimens examined by Her- 
rington, 1948), 21-22 July 1944, and 17 
September 1943 (same specimens examined 
by Herrington, 1944); all TSP. (2) Tempo- 
rary beach pool off Douglas Lake, Cheboy- 
gan County, Michigan, U.S.A. 23 June 
1959; P. (3) Temporary swamp at SW end 
of Loughborough Lake, Frontenac County, 
Ontario, Canada. 7 June 1960; P. 

S. patella (Gould). (1) Scatter Creek, 
Thurston County, Washington, U.S.A. 12 
August 1960; P (dissected, with resultant 
data treated as are those from an isolation- 
rotted sample). (2) Scatter Creek at N end of 
Tenino, Lewis County, Washington, U.S.A. 
20 July 1960; P. 

S. rhomboideum (Say). (1) Small creek 
1 mi E of Old Hay Bay Church, Adolphus- 
town Township, Lennox and Addington 
County, Ontario, Canada. 12 July 1960; P. 
(2) Mill Lake at McClure Road, 3 mi W 
of Chelsea, Washtenaw County, Michigan, 
U.S.A. 7 monthly collections from April to 
November 1961 (except May); IR and P. 

S. simile (Say). (1) St. John's River 
at Princess Margaret Bridge, Fredericton, 
York County, New Brunswick, Canada. 4 
September 1961; P. (2) Mill Lake at 
McClure Road, 3 mi W of Chelsea, Wash- 
tenaw County, Michigan, U.S.A. 25 
November 1961; LH. (3) Muskrat River at 
Federal Highway 17, 9 mi SE of Pembroke, 
Renfrew County, Ontario, Canada. 27 July 
1967; P. (4) Fleming Creek at Cherry Hill 
Road, Washtenaw County, Michigan, U.S.A. 
12 monthly collections from May 1960 to 
May 1961 (except August); P. (5) Ore 
Creek at Townley Road, Livingston 
County, Michigan, U.S.A. 11 monthly col- 
lections from April 1960 to April 1961 
(except January and February); P. 

$. striatinum (Lamarck). (1) River 
Raisin at Sharon Hollow (= Sharonville), 
Washtenaw County, Michigan, U.S.A. IR (8 
monthly samples from mid-April to early 
November 1961) and P (10 monthly col- 
lections from March to December 1961). 
(2) Un-named tributary of the St. Joseph 
River-of-the-Maumee River at Montgomery 
Road, Hillsdale County, Michigan, U.S.A. 
24 September 1960; P. (3) Ore Creek at 
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Townley Road, Livingston County, 
Michigan, U.S.A. 12 monthly collections 
from April 1960 to April 1961; P. (4) 


Oxbow Lake at junction of Elizabeth Lake 
Road and Avonlea Street, Oakland County, 
Michigan, U.S.A. 10 monthly collections 
from July 1960 to June 1961 (except 
December-February); P. 

Musculium lacustre (Müller). (1) Sedge 
Point Beach Pool, off NE shore of Douglas 
Lake, Cheboygan County, Michigan, U.S.A. 
30 June 1959; P. (2) Un-named bog lake, 
1/2 mile S of Vennacher Junction, Lennox 
and Addington County, Ontario, Canada. 
10 September 1959; P. 

M. novaezelandiae Deshayes. One lot of 
dried museum material from River Avon, 
New Zealand. No date on label; TSP. 

M. partumeium (Say). (1) Eel Bay of 
Sydenham Lake, Frontenac County, 
Ontario, Canada. 8 June 1960; P. (2) 
Temporary pond on W side of Milford 
Road (= Pontiac Trail), 0.6 mi N of junct- 
ion with Six-Mile Road and about 9 mi NE 
of Ann Arbor, Washtenaw County, Mich- 
igan, U.S.A. (This is the same pond from 
which Kenk (1949) and Thomas (1959, 
1963, 1965) collected this species.) 7 May 
1960; P. 

M. securis (Prime). (1) Outlet of Negro 
Creek into Mullett Lake at Federal High- 
way 27, Cheboygan County, Michigan, 
U.S.A. 9 August 1959; P. (2) Permanent 
pond on Milford Road (= Pontiac Trail), 
about 150 ft N of North Territorial Road, 
Washtenaw County, Michigan, U.S.A. 7 
May 1960; P. 

М. tasmanicum (Tenison-Woods). One 
lot of dried museum material from Tas- 
mania (no further data available). No date 
on label; TSP. 

М. transversum (Say). Roadside ditch, 
Emporia, Lyon County, Kansas, U.S.A. 7 
July 1960; P. 


GONAD ACTIVITY 
Adults 


As described by Stepanoff (1865), Drew 
(1896), Gilmore (1917), Monk (1928), 
Woods (1931) and Okada (1935a), the 2 
gonads of the adult animals are each 
composed of a larger, anterior, testicular 
portion and a smaller, posterior, ovarian 
portion. 


Woods (1931: 580) assumed that in 
Sphaerium  striatinum “...Бой meiotic 
divisions occur after the egg is set free 
from the wall of the ovary....” Okada 
(1935a) indicated that oogonia of Muscul- 
jum japonicum s.s. are released into the 
lumen of the ovarian portion of the 
ovotestis where they mature into primary 
oocytes, and he later (1935c: 482) stated 
for M. j. biwaense that: “The maturation 
division of the ova occurs after entrance of 
the sperm and their arrival on the floor of 
the inner branchial chamber” (i.e., marsup- 
ium). Whether animals of any species in the 
Sphaeriidae produce haploid ova in the 
ovotestes is unknown at this time, and the 
most advanced gametogenic figures in the 
Ovaries are consequently referred to here 
simply as “eggs.” 

Woods (1931) also reported that sepa- 
ration of the male and female portions of 
the ovotestes does not occur until the 
production of mature spermatozoa has 
begun, although “maturation” was stated 
to occur first in the female portion. His 
statement that the male and female port- 
ions are less distinctly separated in smaller, 
younger animals was confimed in this study 
for animals of the 8 species of Sphaerium 
and 4 species of Musculium examined 
histologically. In animals lacking annuli the 
Ovarian and testicular portions appeared to 
be approximately the same size, whereas in 
larger, older animals with 1 or more annuli 
the testicular portion greatly predominated 
in size. Furthermore, older animals had 
larger ovotestes. Except for this quanti- 
tative difference, there was little variation 
in gonad activity between animals of 
different age classes in each monthly 
collection of S. fabale, S. rhomboideum, S. 
simile and S. striatinum. Neither Woods’ 
(1931) study on $. striatinum nor the 
present investigation of those 4 species 
revealed any indication of “sex-reversal” or 
alternating gonad activity. 

Gametogenic activity and the peak oc- 
currence(s) of gametes were found to be 
seasonal in these same species (see Table 
1). Eggs and spermatozoa occurred at all 
times, but animals of some collections 
displayed distinctly greater abundances of 
these cells. While eggs (see S. rhom- 
boideum) or sperm (S. simile from Fleming 
Creek) sometimes appeared to be most 
abundant over a single period, in some 
instances there were 2 periods during the 
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year when eggs or sperm were most 
numerous (S. striatinum from the River 
Raisin and Oxbow Lake). 

The present findings on $. simile (Flem- 
ing Creek and Ore Creek) are in partial 
contrast to Zumoff's (1973) observations 
on seasonal gonad activity in a New York 
population of this species. She reported 
that oogenic activity was independent of 
the season of the year, basing that con- 
clusion on the presence of at least some 
activity throughout the year, but noted 
increased activity in the summer (June to 
August). Oogenic activity was also stated to 
be independent of the size (i.e., age) of the 
adult, although ”...smaller individuals 
tend to contain fewer such [large oögenic] 
cells than larger adults’’ (p 220). Testicular 
activity varied with the size of the adult 
and the season, being generally greater in 
adults less than 12 mm long than in larger 
adults; greatest activity in adults of both 
size groups occurred from May to July. 
Zumoff also reported the presence of 
“eosinophilic material” in the testicular 
follicles; the amount varied inversely with 
the degree of spermatogenic activity. No 
such material was observed in the present 
study, but it is often present in gonadally- 
inactive unionacean and mutelacean clams 
(Heard, unpubl.). 

The present findings on S. striatinum 
support Woods’ (1931) statement that in 
this species mature germ cells are found in 
all seasons, although sperm and eggs are 
not as numerous in the winter. However, 
these observations are in contrast to 
Monk’s (1928) report that during the 
summer the gonads of animals of this 
species are shrunken and inactive, and that 
during the winter they are large and active 
(which suggested to him that fertilization 
probably occurs in the late fall and that F, 
are incubated over the winter, birth occur- 
ring in the following summer). 

Mackie (1973) found summer gonad 
activity in Musculium securis. Both testi- 
cular and ovarian parts of the ovotestes 
developed at about the same time, although 
it was stated that both protogyny and 
protandry was evident in some individuals. 
In older animals the testicular part was 
very massive, and the ovarian part was 
reduced or absent. 


Extra-Marsupial Larvae 


It is of special interest‘ that Groene- 
wegen (1926: 230) and Thiel (1928: 94) 
reported the discovery of eggs and sperm in 
“embryos” (i.e., extra-marsupial larvae?) of 
Sphaerium rivicola and S. corneum, respect- 
ively. In contrast, Woods’ (1931: 584) 
stated that in S. striatinum: ‘‘There is no 
indication of a precocious maturation of 
germ cells in Sphaerium..,"’ and: “Matu- 
ration begins only after the young have 
been set free from the gills [i.e., demi- 
branchs] and have attained a length of 
about 2.5 mm.” Similarly, Zumoff (1973) 
reported that $. simile *“embryos” longer 
than 3.5 mm were fully developed except 
that the gonads were not yet producing 
gametes. These F, were considered to be 
very near birth-size because of their state 
of development, although F, of 6-7 mm 
lengths were found and the smallest P, т 
the population were 5-8 mm long. 

Okada found that (1) in Musculium 
japonicum s.s. the newborn lack “sexual 
maturity,”” and (2) in М. j. biwaense the 
gonads of the prodissoconch (i.e., extra- 
marsupial) larvae “are not sufficiently 
differentiated in the final stage’ before 
birth (Okada, 1935a and 1938, respectively). 
Thomas (1959) reported both ovotestes to 
be present in newborn M. partumeium at 
birth, although there were no gametes in 
these gonads; the mean length of the 
newborn was 1.6 mm, and the smallest- 
sized P, that contained gametes was 2.1 
mm long. 

A number of extra-marsupial larvae of 
11 species were examined histologically in 
this study. The gonads in these F, in 
Sphaerium corneum, S. fabale, S. patella, S. 
rhomboideum, S. simile and S. striatinum 
were found to contain eggs and sperm- 
atozoa as well as meiotic figures. The 
gonads of some of these larvae in Muscul- 
jum lacustre, М. partumeium, М. securis, 
M. transversum and Sphaerium occidentale 
contained only maturation stages. The 
ovarian portion of the ovotestes had not 
yet differentiated in other larvae, and in 
the smaller specimens of M. lacustre and М. 
securis the gonads themselves had not yet 
developed. Mackie (1973) also noted the 
absence of precocious maturation in the 
latter species. 

Extra-marsupial larvae of Sphaerium 
striatinum from all monthly collections 
from the River Raisin were examined 
histologically. While spermatogenic figures 
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were present in all specimens, morphol- 
ogically mature sperm occurred only from 
May through September and were most 
abundant in those 2 months. Some eggs 
were present at all times, but were also 
most abundant from May through Sep- 
tember. The times of peak occurrences of 
both kinds of “*gametes”” in those unborn 
but terminal larvae in general coincided 
with those displayed Бу the P, (viz., spring 
and fall). 


THE MARSUPIA AND BROOD SACS 
Spatial and Temporal Relationships 


Developing F, of all investigated species 
of Sphaerium and Musculium are incubated 
in the anterior, inner demibranchs of the 
adults (not in the posterior, outer demi- 
branchs as stated by Pelseneer, 1906) and 
are born as conchological miniatures of the 
P,. Each of the 2 marsupial demibranchs 
consists of a larger, outer descending 
lamella (ODL, Fig. 1) and a reduced, inner 
ascending lamella (IAL). The marsupium 
(M, one of each anterior demibranch) is an 
incompletely closed cavity of the inter- 
lamellar space. The outer wall of each 
marsupium is represented by the filaments 
of the descending lamella, and the inner 
wall (IMW) is a membraneous sheet of 
tissue which extends from the lateral 
surface of the posterior end of the ascend- 
ing lamella to the posterior margin of the 
visceral mass. Each marsupium eventually 
leads to the cloacal chamber which opens 
to the outside of the adult's body through 
the excurrent, anal siphon, thus providing 
for the exit of the young during birth. 

Within the 2 marsupia are found variable 
numbers of brood sacs and extra-marsupial 
larvae (EML, Fig. 1). Three types of brood 
sacs, viz., Primary, secondary and tertiary, 
arise from the descending filaments (cf. 
Stepanoff, 1865; Schereschewsky, 1911; 
Okada, 1935b). Primary sacs (PBS) contain 
embryos (E), secondary sacs (SBS) fetal 
larvae (FL), and tertiary sacs (TBS) pro- 
dissoconch larvae (PL). The extra-marsupial 
larvae (EML), which Groenewegen (1926) 
first described as ‘free embryos,” represent 
a later ontogenetic stage. They are no 
longer enclosed in tertiary brood sacs, and, 
depending on the species concerned, they 
either lie free in the marsupia or they are 
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FIG. 1. Frontal view of the 3 types of brood sacs 
and extra-marsupial larvae in a left anterior (i.e., 
inner) demibranch of species of Sphaerium and 
Musculium. A: anterior; E: embryo; EML: extra- 
marsupial larva; FL: fetal larva; lAL: inner, 
ascending lamella; IMW: inner wall of the 
marsupium; M: marsupium; ODL: outer, descend- 
ing lamella; PBS: primary brood sac; PL: pro- 
dissoconch larva; SBS: secondary brood sac; TBS: 
tertiary brood sac. 


attached to a byssal stalk emanating from 
the remnants of the tertiary sacs from 
which they have escaped. Mackie, Oadri & 
Clarke (1974a) reported that in Musculium 
securis the stalks are attached to the 
descending filaments, which give rise to the 
sacs. 

The brood sacs represent sequential 
stages, the primary sacs metamorphosing 
structurally into secondary sacs (with the 
contents developing from embryos into 
fetal larvae) and the secondary sacs be- 
coming tertiary sacs (then containing pro- 
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dissoconch larvae). The primary sacs form Ziegler (1885), Wasserloos (1911), 
near the dorsal part of the union, by Groenewegen (1926) and Okada (1935b) 
interfilamental junctions, of the ascending noted the capacity of several small sacs to 
and descending lamellae. Through degener- fuse together to produce a single, large sac 


ation of the original and subsequent “зас containing numerous F,. Other reports of 
stalks’’ which attach the brood sacs to the numbers of brood sacs are “3-10” in $. 
descending filaments, and by the formation rivicola (Zhadin, 1952), 3-4 per demibranch 
of new sac stalks, the primary sacs migrate in S. occidentale (Kenk, 1949), a total of 6 
somewhat dorsally and principally post- per animal in Musculium japonicum 
eriorly along the filaments in the manner (Okada, 1935b), and 2-4 per demibranch in 
described by Okada (1935b: 380-386) but М. partumeium (Kenk, 1949) and М. 
recently disputed by Mackie, Oadri & securis (Mackie, 1973). 


Clarke (1974b). Consequently, in a demi- In general, the number of brood sacs is 
branch containing 1 primary, 1 secondary greater in larger, older P, (Schereschewsky, 
and 1 tertiary sac, the primary sac occupies 1911; Groenewegen, 1926; also see Tables 
a position which is ventro-anterior to that 2-3), varies between identically-sized P, 
of the secondary sac which in turn is from the same population on the same 
anterior to the tertiary sac (Fig. 1). In date, is greater soon after a period of 
addition, a large tertiary sac may project fertilization, may vary between different 
laterally and cover the more medial species (low in Sphaerium simile with few 
primary and secondary sacs. Ziegler (1885), F, of large size at birth, and high in S. 
Schereschewsky (1911) and Groenewegen striatinum with more Е, of smaller birth 
(1926) erroneously stated that the younger size; cf. Avolizi, 1971; confirmed here), 
F, occurred in the more posterior sacs. and is lower in P, parasitized by tre- 
In an anatomical survey of animals of matodes (Mackie, 1973). 

most North American species of Sphaerium 

and Musculium, | was able to obtain 


information on (1) the number and types Number; of Fi per Sac 


of brood sacs present, (2) the numbers of 
F, in these sacs and (3) the stages of 
development in these sacs. 


In Table 4 are listed the numbers of F, 
per brood sac in the species anatomically 
examined in this study. Although there is 
intraspecific variation, in general the values 

Number of Brood Sacs are significantly greater in Musculium than 
in Sphaerium. Because S. occidentale, the 
Leydig (1855) and Schereschewsky species of that genus with the highest 


(1911) reported a maximum number of 3 number of F, per sac, occupies temporary 
brood sacs in each anterior demibranch of ponds and other ephemeral habitats, as so 
Sphaerium corneum. Stepanoff (1865) often do species of Musculium,3 ¡ts higher 
recorded up to 10 sacs per demibranch in values may reflect an adaptation for tempo- 
the same species, and significantly he, rally restricted reproduction in an environ- 


3Herrington (1962) cited M. transversum only from permanent waters, whereas Gale (1969) stated that 
this species also occurs in temporary ponds. 


TABLE 2. Numbers and kinds of brood sacs and Е; in gravid Sphaerium corneum of different sizes and 
age classes (judged by annuli). Bay of Quinte, 1 July 1960. Values show mean + 1 standard deviation. 
EL, extra-marsupial larvae; EM, embryos; FL, fetal larvae; L, length in mm; PL, prodissoconch larvae. 


Brood sacs Stages of Fj 
No. of 

No.of P} LofP, annuli № 25 3° Total EM EJE PL EL Total 
7 3.62 0 2.28 0.00 0.00 2.28 2.28 0.00 0.00 0.00 2.28 
+0.42 +125 0.00 +0.00 +1.25 +1.25 +0.00 0.00 0.00 +1.25 

4 7.26 1 3.00 1.00 3.50 7.50 3.25 2.00 4.25 3.00 12.50 
+0.40 2141 1082 20:58 23129 (2171 1.41 2222 2216. +443 

fe eile fn rre beurre “tele eee > sam eee 
6 8.71 2 1533 0.83 4.33 6.50 1.83 2317. 8.17 2.83 15.00 
+0.29 1003-4075 +1.97 (+152. 21.47, 21:83, £3.00) +2.71 „4 98 
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TABLE 3. Numbers of brood sacs and Fy in Sphaerium striatinum of different age classes (judged by 
annuli). River Raisin, 10 monthly collections. EL, extra-marsupial larvae; EM, embryos; FL, fetal larvae; 


PL, prodissoconch larvae. 


Feature 


Number of annuli in adults 


Number of adults examined 

Average length of adults (mm) 
Number of sacs examined 

Average number of sacs per adult 
Number of F, examined 

Average number of F; per sac 
Average number of F, per adult 
Average number of EM per adult 
Average number of FL per adult 
Average number of PL per adult 
Average number of EL per adult 
Number of shelled larvae examined* 
Average number of shelled larvae* per adult 


0 1 2 3 4 
1 31 31 18 2 
5.48 7.47 9.23 10.70 11.59 
38 148 210 159 17 
2.24 4.77 6.77 8.83 8.50 
46 180 271 203 0 
127 1:22 1529 1.28 1.18 
2.71 5.81 8.74 11.28 10.00 
2.29 1.52 1.42 1.78 4.50 
0.29 2.13 2.65 3.28 1.50 
0.12 1.94 3.61 5.11 3.50 
0.00 0.23 1.06 1.11 0.50 
2 67 145 112 8 
0.10 2.16 4.68 6.22 4.00 


* Either prodissoconch larvae (in tertiary sacs), or extra-marsupial larvae, or both. 


TABLE 4. Numbers of Е; per brood sac in 8 Sphaerium and 4 Musculium spp. 


No. Fy per sac 


Species 1772 


IAB 108 9 10, Знала 


15; 16 1758; 19, -20 


Sphaerium 
corneum 
fabale 
nitidum 
occidentale 
patella 
rhomboideum 
simile 

$. striatinum 
Musculium 

М. lacustre 

М. partumeium 

М. securis 

М. transversum 
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хх 
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d 


x X X XK 


а Reported by Leydig (1855) and Schereschewsky (1911). 


b Reported by Kenk (1949). 
© Reported by Zumoff (1973). 
d Reported by Avolizi (1971). 


ment frought with greater stress than are 
permanent ponds, lakes and streams. Higher 
numbers may also be related to possible 
low survivorship of developing F, (see 
Mackie, 1973, and the next section) and/or 
of newborn in ephemeral habitats. Gale 
(1969) indicated high survivorship in М. 
transversum in perennial waters, con- 
tributing to population densities of up to 
100,000/m?. The only detailed survivorship 
data on any sphaeriid newborn are those 
on Pisidium compressum Prime (see Gil- 
lespie, 1969). 

Because mollusks exhibit determinate 
cleavage and thus the fates of blastomeres 
are fixed early in development, instances 
where 2 Е, occur in the same brood sac 


are not attributed to “twinning” but to the 
fusion of 2 separate primary sacs. Fusion 
of more than 2 primary sacs could lead to 
a single brood sac with a larger number of 
F, (e.g., in Sphaerium occidentale and in 
Musculium spp.). Secondary and tertiary 
sacs are not considered capable of fusion 
because they consist of 2 distinct cell 
layers which are separated by an interstitial 
space (see Schereschewsky, 1911; Okada, 
1935b). In contrast, primary sacs are 
comprised of only one layer of cells (viz., 
the outer layer of secondary and tertiary 
sacs). 


Differential Development With a Sac 
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Stepanoff (1865) stated that the young 
(primary?) sacs of Sphaerium corneum 
contained several F, of similar develop- 
ment, while older (tertiary?) sacs contained 
several FR of “differing maturity.” 
Schereschewsky (1911), however, reported 
the same developmental stage for all F, т 
a common sac in that species, and Groene- 
wegen (1926) indicated the same for S. 
rivicola. \t was found in the present study 
that, in the vast majority of sacs in all 
Sphaerium and Musculium examined, the 
Е, in a sac were of the same stage (i.e., all 
were either embryos, or fetal larvae, or 
prodissoconch larvae). Only rarely were the 
F, coinhabiting a sac of different stages of 
development. For example, 1 fetal larva and 
1 prodissoconch larva occupied what was 
considered to be а tertiary sac in 5. 
rhomboideum, and atertiary sac in М. securis 
contained 1 embryo, 1 fetal larva and 6 
prodissoconch larvae. 

The occurrence of 2 different stages of 
Е, development in the same sac is not 
attributed to 2 temporally separate fertili- 
zations, because each sac is enclosed т 
such a way that new eggs or zygotes could 
not enter it and join fetal or later larvae 
from a prior fertilization. Also, because of 
the spatially-distinct distribution of the 
different types of sacs, it is considered 
unlikely that a new primary sac could arise 
immediately adjacent to a secondary or 
tertiary sac and fuse with it, the contents 
of each becoming combined in a single sac. 
It is possible that, as reported by Mackie 
(1973) for M. securis, with up to 69% 
mortality of fetal larvae, some “'retarded” 
F, never complete their development, 
dying before birth. However, the occasional 
occurrences of different size groups of 
extra-marsupial larvae in the same demi- 
branch suggest that some of these retarded 
F, do complete development and are born 
at a smaller size than their siblings that 
matured in the same sac. 

Perhaps differential development of F, 
in a common brood sac 15 caused by 
competition for nutrients and/or space (see 
Meier-Brook, 1970, for this explanation of 
a like phenomenon in Pisidium). Indeed 
Groenewegen (1926) suggested that, since 
they contain so many developing F, at one 
time, gravid $. rivicola might not be able to 
provide F, with sufficient nourishment to 
be able to produce several “generations” 
(i.e., broods) per year. In effect, the 


sacrifice of some F, could possibly serve 
that function. A consideration of the 
modes of providing developing F, with 
nutrients is beyond the scope of this 
report, and readers interested in the subject 
may consult de Bruyne (1898), Poyarkoff 
(1910), Schereschewsky (1911), Wasserloos 
(1911), Groenewegen (1926), Okada 
(1935b) and Couteaux-Bargeton (1948) for 
details. 


BROODS AND GENERATIONS 


Sphaeriid populations are comprised of 
individuals, broods and generations in an 
increasing order of organization and 
complexity. Of special significance at each 
level is the concept of synchronization. 

Present findings on all Sphaerium and 
Musculium examined anatomically revealed 
considerable variation in the stages, 
numbers and sizes of sibling F, in different 
adults collected from the same population 
on the same date (see Table 5 for 
examples). Those observations are inter- 
preted as reflecting lack of synchronized 
fertilization among individual P,, even 
those of like or identical size. Despite peak 
periods of abundance (cf. Table 1), sperm 
were present at all times in each popu- 
lation, and it is concluded that gaps in 
developmental state and size among F; 
simultaneously brooded in an adult were 
caused by temporally irregular ovulations in 
each individual adult. Even numbers of F, 
(e.g., most commonly 2 or 4 shelled larvae 
in Sphaerium) predominated in gravid 
animals. That condition was evidently 
created by the nearly or actually simul- 
taneous release of the same number of eggs 
from both ovotestes. Odd numbers of F, 
also occurred, often involving different 
stages in the same adult containing an even 
number of older or younger F,, which 
indicates that the ovarian portions of the 2 
ovotestes were not invariably coordinated 
in an animal. 

The existence of 4 different ontogenetic 
stages of F, might suggest that gravid 
Sphaerium and Musculium can simul- 
taneously bear as many as 4 different 
broods, each having been generated by a 
temporally disjunct fertilization. However, 
present findings on individual variation, the 
rarity of 4 stages simultaneously carried by 
an individual and results from prior mainte- 
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TABLE 5. Examples of numbers and sizes of shelled larvae in individual Sphaerium and Musculium of 
different size (length in mm) and age class (judged by number of annuli). 


Adult No. of $. fabalea Adult №. of М. partumeium® 
size annuli Larval length in mm size annuli Larval length in mm 
8.55 1 0.96, 1.30 5.71 1 0.50, 0.55, 0.63, 0.67, 0.67, 
8.85 1 0.36, 0.43, 1.68, 2.21 0:67,.0-71,.0.70 ATAN 
9.30 1 0.67, 2.77, 2.83 SU 

10.20 2 0-79} 2:65 7.06 2 0.17, 0.17, 0.46, 0.50, 0.55, 

10.80 2 0.31, 1.06, 1.13, 2.77, 3.28 0.55, 0.55, 0.55, 0.59, 0.59, 

11.10 2 1.44, 3.34 0.63, 1.13, 1.18, 1.18, 1.26, 

1.26, 1.30, 1.30; 1.34 

10.65 S 0.55, 1.68, 3.40 9.58 2 0.38, 0.46, 0.50, 0.59, 0.63, 

11225 3 0.29, 0.34, 0.96, 1.73, 1.83 0:63, 0.217071 07717071 

12.00 3 07220821527 1:83 0.76, 0.76, 0.76, 1.85, 1.85, 

1.89, 1.89, 1.93, 1.97. 1:97 


а Chilson Road stream (3 March). 
b Temporary pond along Milford Road (7 May). 


nance and culturing studies suggest other- 
wise. Just 1 “brood” has been reported in 
the life span of individual Sphaerium 
corneum (Thiel, 1924, 1930), $. rivicola 
(Groenewegen, 1926; Thiel, 1928), S. 
simile (Avolizi, 1971), S. solidum (Thiel, 
1928), $. striatinum  (Avolizi, 1971), 
Musculium lascustre (Mitropolskji, 1965), 
M. securis (Mackie, 1973) and M. trans- 
versum (Gale, 1969). It was often noted in 
the results from those studies that only a 
few newborn appeared simultaneously and 
that such births continued at irregular 
intervals over a longer period, i.e., births 
were not synchronized. In view of sequen- 
tial fertilizations, such sequential births 
would be expected. Although generated 
continuously but at irregular intervals, all 
F, produced by an individual in its life 
span can be considered to constitute the 
“total brood” in those Sphaerium and 
Musculium treated as semelparous. And, 
because larval mortality (cf. Meier-Brook, 
1970; Avolizi, 1971; Mackie, 1973) reduces 
the total number of Е, maturing to birth, 
only all newborn per animal comprise the 
“definitive brood.” 

According to Foster (1932), winter 
newborn of Sphaerium striatinum gave 
birth to their 1st brood in the following 
summer and to their 2nd brooding in the 
ensuing winter, and summer newborn 
released their 1st brood in the following 
winter and their 2nd brood in the next 
summer. Okada (1935b) reached similar 
conclusions for spring and fall newborn of 
Musculium japonicum. Animals of those 
populations would seemingly be itero- 


parous, but relative lack of synchronization 
of adults offers an alternative explanation. 
Although births of a definitive brood are 
not highly synchronized, many individuals 
can nevertheless simultaneously release 
newborn at a few times in common (see 
Vail, 1977, for that occurrence among 
viviparid gastropods). Moreover, individuals 
of different size and age can give birth at 
such times, and all of those newborn 
collectively constitute a new generation, 
e., brood sensu Foster (1932) and Okada 
(1935b). After the same period of growth, 
those individuals (subadults earlier and 
adults later) would comprise a generation of 
larger, older animals. Generations are com- 
monly identified as groups about different 
modes in size-frequency histograms (cf. 
Mackie, 1973). That different generations 
are not always discernible in 1 month or 
cannot be readily traced over consecutive 
months is attributed to the occurrence of 
births and subsequent growth between the 
main birth periods. Nevertheless, the 
sequential occurrences of generations pro- 
vide a general view of reproduction in, and 
composition of, an entire population. 


BROOD SIZE 


Only maintenance and culturing studies 
in a natural habitat can provide details on 
definitive brood size(s) of semelparous (and 
possible iteroparous) individual Sphaerium 
and Musculium. Available data are up to 31 
young S. corneum produced in a life span 
of about 6 months (Thiel, 1926), 16 $. 
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rivicola in 1%-2 years, 6 $. simile annually 
for a period of 26 months (Avolizi, 1971), 
24 $. solidum in %-1% years (Thiel, 1928), 
12 $. striatinum annually over 18-24 
months (Avolizi, 1971), and 30 M. partu- 
meium in 15 months in laboratory cultures 


(Thomas, 1959). As is reviewed in the 
Discussion, however, this aspect of 
fecundity is subject to environmental 
influence. 


Although not revealing definitive brood 
size, analyses of field samples (viz., either 
preserved animals, those from the isolation- 
rotting procedure, or both) show certain 
relationships of the average number of F, 
(total or shelled only) present at 1 point in 
time. 

All Е, were removed from 5-10 pre- 
served, gravid Sphaerium fabale (Chilson 
Road stream), S. rhomboideum (Mill Lake) 
and S. striatinum (River Raisin; cf. Table 
3) per month, classified as to develop- 
mental stage and counted. There was in 
general an increase in average numbers of 
F, of increased ontogenetic stage: fewer 
embryos per adult than fetal larvae, more 
prodissoconch larvae than the latter, but 
fewer extra-marsupial larvae than pro- 
dissoconch larvae (cf. Table 3). There were 
always but few extra-marsupial larvae pre- 
sent, suggesting that these F, are born 
soon after escape from the tertiary sacs. 
Larger, older (judged by annuli; see next 
section) adults of all species examined 
contained both more sacs and more Е, 
than did smaller, younger adults. Large 
collections are necessary for evaluation of 
populations with much individual variation, 
i.e., low synchronization; whereas these 
anatomical samples contained adults of 
different sizes and age groups, few P, of 
these different groups were available. 

Average numbers of just shelled larvae 
per adult, obtained from the large isolation- 
rotting samples, indicated that larger, older 
adults contained more of these F, than did 
smaller, younger adults (Figs. 2-4). The 
latter had undergone fewer fertilizations in 
a shorter period of life, and the larger 
adults had larger gonads for production of 
more eggs. The frequency of shelled larvae 
in all monthly anatomical samples of S. 
fabale and $. striatinum was 46.6% and 
46.4% of all F,, respectively, and was 
32.9% in S. rhomboideum. However, the 
latter value may not be representative 
because no larger, older adults (with 4-5 


annuli), probably with more shelled F,, 
were available for dissection. Nevertheless, 
it is considered that values on the average 
numbers of shelled larvae per adult can be 
doubled to obtain the approximate number 
of Е, per adult, of a particular size and 
age, at 1 point in time. 

The number of all or only shelled F, per 
adult at 1 point in the time does not include 
any losses due to possible larval mortality, 
and even if the animals are treated as 
semelparous, may not be considered to be 
equivalent to the definitive brood size. 


AGE AND LIFE SPAN 


Specific age of P,, size of P, at a 
specific age, and postlarval life span can be 
determined with accuracy by culturing and 
maintenance studies (cf. Avolizi, 1971; 
Gale, 1969; Mackie, 1973; Thiel, 
1924-1930; Thomas, 1959-1965) and mark- 
ing-recapture studies (Herrington, 1944, 
1948). Unless individuals of a population 
are highly synchronized and are in effect 
semelparous, generations identified from 
seasonal size-frequency histograms (Alimov, 
1967; Avolizi, 1971; Foster, 1932; Heard, 
1965a; Mackie, 1973; Mitropolskji, 1965; 
Monk, 1928; Thomas, 1959-1963) may be 
misleading in identifying individual age and 
life span. In addition, numbers of annuli 
on the shell may be an index of general 
age, but are considered to be unreliable in 
assessing life spans. 

Gilmore (1917), Heard (1965a) and 
Odhner (1929) treated annuli as yearly 
interruptions in shell growth, whereas 
Baker (1928) questioned whether such 
“growth rings” reflect truly annual events. 
Meier-Brook (1970) clarified the problem, 
reporting in part that in Pisidium the 
distance between consecutive marks on a 
shell only rarely descreased with increased 
size of the P, (i.e., with increased age), 
that individual P, of like size on the same 
date (members of the same generation) had 
different numbers of annuli, with some 
shells lacking an annulus in a position 
where 1 was present in other shells, and 
that more than or less than 1 annulus per 
year could occur in a population. 

It was found in the present study that, 
within a single population, increasingly 
larger P, had increasingly greater numbers 
of annuli (Tables 2, 3, 6). Thus, since 
increasingly larger adults had more F,, Pı 
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TABLE 6. Size of Py and number of shelled larvae in adult Sphaerium of different age classes (judged 
by annuli). G, gravid. L, length in mm. Non-G, non-gravid. 


Number of annuli 


Species 
0 1 2 3 4 5 
Feature 
Non-G G 
$. fabale а 
No. of Py 170 114 66 150 5 
Lof P,P 6.44 8.15 9.09 10.92 11.67 
+0.94 +0.95 0.63 +0.70 +0.70 
No. of F,P 0.00¢ 0.00 1.79 2.85 4.00 
+0.00 +0.00 0.79 +1.07 +0.71 
S. rhomboideum4 
No. of Py 195 91 16 120 75 40 20 
Lof P,P 5.43 731 8.07 8.78 10.07 11.02 11.92 
+0.87 +0.52 0.79 +0.69 +0.60 +0.57 +0.64 
No. of F,P 0.00° 0.00 2.44 2.31 3:27 3.70 3.27 
+0.00 +0.00 1.63 +1.45 +1.69 +2.22 +2.15 
S. striatinum® 
No. of Py 485 187 102 291 72 4 
L of P,P 4.95 6.79 7.29 8.72 10.23 11.55 
+0.84 +0.54 +0.52 +0.61 +0.66 +0.54 
No. of F,P 1.00 0.00 1.97 2.94 4.26 10.00 
+0.00 +0.00 +0.78 +1.32 +2.34 +3.00 


а Chilson Road stream; data from 10 monthly isolation-rotted samples. 

b Either prodissoconch or extra-marsupial larvae, or both. Mean + 1 standard deviation. 
© Prodissoconch larvae were present, though rare, among preserved adults with O annuli. 
ами! Lake; data from 7 monthly isolation-rotted samples. 

€ River Raisin; data from 8 monthly isolation-rotted samples. 


with more annuli had more total Е, 
(Tables 2, 3, 6) or just shelled larvae (Table 
6). 

Because conspecific P, of like size but 
from different populations often had dif- 
ferent numbers of annuli, age groupings 
indicated by annuli may not be intra- 
specifically or interspecifically identical. P;, 
of S. fabale (Chilson Road stream), S. 
rhomboideum (Mill Lake) and S. striatinum 
(River Raisin) reached a maximum mean 
length of nearly 12 mm, at which 3, 5 and 
4 annuli were present, respectively (Table 
6). S. fabale with 2 annuli averaged almost 
11 mm in length, but S. rhomboideum and 
$. striatinum with 2 annuli were only 
about 9 mm long. That those adults with 2 
annuli had similar mean numbers of shelled 
larvae (Table 6) might suggest that they 
were of a common age at different sizes. 
However, as will be discussed later, 
numbers of F, can be environmentally 
influenced, and also be correlated with 
larval size. 

Comfort (1957: 230) noted that annuli, 
or “growth checks,” may be formed in 
some bivalves at spawning, and in some 
snails at the onset of oviposition. If 
annulus formation in Sphaerium and 


Musculium was associated with some phase 
of reproduction, one would expect the 
numerous fertilizations and births to con- 
tribute to many more annuli than are 
actually present. There was a relatively 
small standard deviation associated with the 
mean size of P, with a common number of 
annuli (Table 6), even when the P, were 
evaluated on a consecutive monthly basis. 
That finding suggests a rather uniform 
growth rate, among individuals, between 
consecutive periods of annulus formation, a 
condition that may or may not occur. 
Although the detailed nature of annuli in 
sphaeriids remains undocumented, clearly 
those P, with more annuli are larger and 
consequently older. Annuli are therefore 
employed here to denote general age classes. 
Such procedure suggests that in general P, 
of Sphaerium had greater numbers of age 
classes, i.e., presumably lived longer, than 
species of Musculium (Table 7). 

Reports of postlarval life span are 6 
months and %-1% years in Sphaerium 
corneum in Germany (Thiel, 1924 and 
1928, respectively), 3-4 years in Sweden 
(Odhner, 1929) and less than 1 year in 
Russia (Alimov, 1967); about 1 year in S. 
occidentale in Wisconsin and Michigan, 
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TABLE 7. Maximum numbers of annuli found 
in Sphaerium and Musculium. 


Species No. annuli 


Sphaerium 

. corneum 
fabale 
forbesii 
nitidum 

. occidentale 
patella 
rhomboideum 
. simile 

. striatinum 

m 

| lacustre 

| novaezelandiae 
. partumeium 
| securis 

|. tasmanicum 
| transversum 


nunnnnnun 


< 


Musculi 
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U.S.A. (Baker, 1928, and Kenk, 1949, 
respectively), and 2-3 years in Ontario, 
Canada (Herrington, 1944, 1948); 1%-2 
years in S. rivicola in Germany (Thiel, 
1928); 4-5 years and 26 months in S. 
simile т New York, U.S.A. (Gilmore, 
1917, and Avolizi, 1971, respectively); 


%-1% years in S. solidum in Germany 
(Thiel, 1928); about 1 year in S. striatinum 
in Illinois, U.S.A. (Foster, 1932), and 
18-24 months in New York (Avolizi, 
1971); less than 1 year in Musculium 
lacustre in Russia (Mitropolskji, 1965); 


13-14 months in М. partumeium in Mich- 
igan (Thomas, 1959-1963); 12-15 months 
in М. securis in Ontario, Canada (Mackie, 
1973); and less than 1 year in М. trans- 
versum in lowa, U.S.A. (Gale, 1969). In 
addition, Gilmore (1917) and Groenewegen 
(1926) did not suggest a life span т М. 
partumeium in New York and т $. rivicola 
in Germany, respectively, but each pre- 
sumed the period of F, incubation to be at 
least 1 year, Okada (1935b) likewise failed 
to specify the life span in Musculium 
japonicum in Japan, but his data on F; 
production, seemingly based on generations 
of incubating young, suggest at least 2 
years. 

Schereschewsky (1911) reported the 
occurrence of gravidity in Sphaerium 
corneum to be independent of the size 
(and age) of the adults. Thiel (1928) and 
Odhner (1929), however, concluded for the 
same species that “reproductive activity” 
decreased with greater age. Thiel (1928) 
also reported the same finding for 5. 
solidum, but did not mention this feature 
at all for $. rivicola. Groenewegen (1926), 


however, had previously stated for 5. 
rivicola that the numbers and sizes of the 
incubating F, were independent of the size 
land thus age) of the adults. Finally, Gale 
(1969) reported that larger, older, adults of 
Musculium  transversum contained more 
developing Е, than did smaller, younger, 
adults, and that ”... reproduction appears 
to continue until the death of the indi- 
vidual” (р 91). Present findings on all 
species examined in general support Gale's 
conclusion. Exceptions were instances т 
which largest, oldest adults contained fewer 
shelled larvae than some smaller, younger 
adults (e.g., S. rhomboideum in Table 6). 
In all of these cases, however, very few 
adults of greatest age were found, and 
reproduction may actually not decline with 
age. 


SPECIFIC. LIFE HISTORIES 


Sphaerium corneum (Linnaeus) 


Odhner (1929) noted that in Sweden 
the nominate form and $. corneum “var. 
mamillanum" appeared to produce fewer 
young that did $. с. “var. nucleus,” for 
which values of 12 (1.8-2.0 mm long) and 
13 F, (1.4-1.5 mm) per adult were listed. 
However, Thiel (1926) previously reported 
that such interspecific variation in Germany 
was environmentally influenced, with 5. 
corneum producing an average of 10 new- 
born in polluted water and an average of 
23 newborn (range: 13-31) in unpolluted 
water. 

Thiel (1924) found greatest numbers of 
Е, in April and August-September. Minimal 
numbers of F, in May-June and November- 
December led him to conclude that there 
were 2 birth periods a year in the 
population: May and November. Spring 
newborn were stated to live until the fall 
when they released their young and died; 
fall newborn lived until the following 
spring when they gave birth and died. 

Thiel (1928) later indicated that adults 
reached a length of 7-8 mm before 1st 
releasing young, which were born at a 
length of 2.5-3.5 mm. He found all 
newborn to be of similar size, and con- 
cluded that they were born at about the 
same time. However, his further investi- 
gation showed that only 3-4 newborn 
appeared simultaneously and that several 
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such groups were born at about 8-day 
intervals. He considered the possibility of 2 
consecutive reproductive cycles, with a 2nd 
series of eggs reaching the demibranchs 
before the already-present group of larvae 
were born, but dismissed as unlikely the 
concept of simultaneous incubation of 
more than 1 brood. Thiel thus treated S. 
corneum as semelparous. In 1930 Thiel 
reconfirmed the occurrence of 2 birth 
periods a year in a population (early 
summer and fall, not spring and fall as 
reported by Thiel, 1924), as more recently 
did Alimov (1967). 

In the present study, preserved animals 
of different sizes and age classes contained 
varying numbers of brood sacs and mean 
and total numbers of F, (cf. Table 2), 
indicating greater individual variation than 
suggested by Thiel’s reports. Sizes of 
newborn may also be quite variable. Most 
prodissoconch larvae were less than 2mm 
long, but the largest was 3.02 mm. About 
half of the extra-marsupial larvae were 
longer than 2 mm, although half were 
smaller (as short as 1.13 mm). 


Sphaerium fabale (Prime) 


Preserved P, of different age classes in 
11 monthly collections from the Chilson 
Road stream were dissected. The 3 types of 
brood sacs occurred in all collections, but 
all 3 occurred simultaneously in only 
14.3% of all gravid adults. Larger, older 
animals contained more sacs and incubating 
F, than did smaller, younger ones. Primary 
sacs and embryos were most frequent (as % 
of all sacs and F, in a sample) in June, 


July and August, a period coinciding with 
peak abundances of eggs and sperm in the 
population (cf. Table 1). Secondary and 
tertiary sacs and their larvae did not show 
such distinct seasonal occurrences. Extra- 
marsupial larvae were found only from 
March to September, although some occur- 
red in the October and November isolation- 
rotting samples (see below). While adults 
with 1 or 2 annuli were occasionally found 
simultaneously to contain all 3 types of 
brood sacs, adults lacking annuli usually 
possessed only primary but sometimes also 
secondary sacs. However, none of the 
adults without annuli were found to con- 
tain any brood sacs from March to June. 
Extra-marsupial larvae occurred only in 
adults with 1 and 2 annuli. No animals 
with 3 annuli were available for dissection, 
and very few were found in the isolation- 
rotting samples. 

Shelled larvae were present in varying 
numbers and sizes throughout the year in 
adults in the 10 monthly isolation-rotting 
samples. The maximum number of these 
Е; in an adult was 5, although the most 
frequent number, in 32.1% of all 221 
gravid adults was 2. The greatest total 
number of shelled larvae (viz., 428 of 567) 
occurred in the 66 gravid adults with 2 
annuli. Only 5 gravid adults contained 
more than 2 annuli (cf. Table 6). Adults 
did not contain shelled larvae until 1 
annulus was present. The average number 
of shelled larvae per parent consistently 
increased with advancing age of the adults 
(Table 8), demonstrating that generative 
performance increased with age. 

Gravid adults of various age classes 
contained shelled larvae in either of 3 size 


TABLE 8. Seasonal distribution of mean numbers of shelled larvae in Sphaerium fabale of different age 


classes (judged by annuli). 


жоо..............ы.ы.ы.ы.е.е.ы.ыыыы"Ш."".|"|[—Йё—ёЙШ—686—Ш868ШЩ8ШШШ8ШШЩШф#Ш868б686Ф6Ф6Щ6ШбШб6Ш0 дд 


No. of annuli т Py 


Sample average 


Date 0 1 

3 March 0 2.10 
31 March 0 1.67 
29 April 0 22183 
27 May 0 1.50 
24 June 0 1.25 
22 July 0 1.00 
19 August 0 1.83 
16 September 0 2.14 
14 October 0 1.50 
11 November 0 1.75 
All samples 0 1.80 


2 за (P¡ with 1-3 annuli) 
2.69 4.00 2.67 
3.08 4.00 2.85 
3.32 2.96 
3.21 3.05 
2.14 1.82 
1.77 1.71 
2.00 1.96 
3.00 2.60 
3.29 2.63 
3.50 2.55 
2.85 4.00 2.57 


eee TT TT TT TT TT TT 


аМо adults with 3 annuli were present after March. 


438 HEARD 


TABLE 9. Numbers of gravid Sphaerium fabale containing shelled larvae in different size groups 


(length in mm). 


o nn nn 


Size category of larvae 


No. annuli Total no. 
in Pı 1 Сгоира 2 Groupsb Seriesb gravid Py 

0 0 0 0 0 

1 51 14 1 66 

2 38 83 29 150 

3 0 2 3 5 

All gravid Py 89 99 33 221 


e  ——— —— 


a Either prodissoconch or extra-marsupial larvae. 


bTypically both prodissoconch and extra-marsupial larvae. 


TABLE 10. Average numbers of shelled larvae of different size groups (length in mm) in adult Sphaerium 


fabale. 
Size category of larvae 

Date 1 Group? 2 Groupsb Series P 

3 March 1.60 2.92 4.20 
31 March 1.56 3.06 4.00 
29 April 2.00 3.14 4.00 
27 May 1.67 2.91 3.86 
24 June 1.33 2.40 0.00€ 
22 July 1.54 3.00 0.00€ 
19 August E 2.30 0.00€ 
16 September 1533 3.38 4.00 
14 October 1.36 ЗП 4.33 
11 November 1:33 3.25 3.60 
All samples 1.55 2.98 3.70 


а Either prodissoconch or extra-marsupial larvae. 


b Typically both prodissoconch and extra-marsupial larvae. 
© No adults from these collections contained shelled larvae in this size category. 


categories: one in which all shelled larvae 
in the same adult were nearly of the same 
length (in 40.3% of all gravid adults), one 
in which these larvae were of 2 dissimilar 
size groups (44.8% of gravid aduits), and 
one in which these larvae were in a size 
series (14.9% of gravid adults) (see Tables, 
5, 9). Except in 3 samples, in which adults 
with shelled larvae in a size series were 
absent (June-August), average numbers of 
shelled larvae per gravid adult consistently 
increased from the 1-size groups to the 
2-size group to the size-series group (Table 
10). There was a significant seasonal change 
in those values only in the size-series 
category, and that occurred because of the 
absence of that condition in the summer 
samples. 

Because only 1 of 27 extra-marsupial 
larvae obtained by dissection was less than 
2.6 mm in length and only 3 of 106 
prodissoconch larvae exceeded that value, 
2.6 mm was selected as a general size 
distinction between shelled larvae of these 
2 stages of development. Use of that value 


showed that 78.7% of isolation-rotted 
adults with shelled larvae in the 1-size 
category contained only prodissoconch 
larvae; those adults were principally the 
smaller, younger gravid animals in the 
samples. The remaining 21.3% comprised 
larger, older adults that carried only extra- 
marsupial larvae. Of the adults with shelled 
larvae in 2 size groups, 37.4% carried only 
prodissoconch larvae, 61.6% contained both 
prodissoconch and extra-marsupial larvae 
and 1.0% had just extra-marsupial larvae. 
Of the 33 adults with shelled larvae in a 
size series, 9 contained only prodissoconch 
larvae, and 24 contained both pro- 
dissoconch and extra-marsupial larvae. 

Only those 33 of all 221 gravid adults in 
the 10 monthly isolation-rotting samples 
provide clear evidence of prior fertilizations 
at multiple intervals. However, the occur- 
rence of shelled larvae in 1 or 2 size groups 
in the other 85.1% of the gravid adults 
does not demonstrate generally high 
synchronization among the individuals of 
this population. There may well have been 


SPHAERIID REPRODUCTION 439 


embryos and/or fetal larvae simultaneously 
present in some of those same adults, 
thereby possibly creating a size-series con- 
dition of all F,. Moreover, the shelled 
larvae in any 1 sample were not of 1 or 2 
sizes in common (cf. Table 5). 

Judged by lower average numbers of 
shelled larvae per adult at that time (cf. 
Table 8), most births in the population 
occurred during the summer months. The 
largest shelled larva in the isolation-rotting 
samples was 5.92 mm long, and the 
smallest subadult, with O annuli, was 4.35 
mm long (4.37 mm among preserved 
animals). The smallest preserved gravid 
adult, with O annuli and containing only 
embryos, was 6.55 mm long; the smallest 
gravid adult in the isolation-rotting samples, 
with 1 annulus and containing just pro- 
dissoconch larvae, was 7.73 mm long. 
Estimated from the sizes of the shelled 
larvae present prior to the main, summer 
births, most newborn may have been about 
3 mm in length 


Sphaerium forbesii (Philippi) 


Trisodium phosphate treatment of dried 
museum specimens has provided some 
limited data on 17 specimens of this 
little-known Neotropical species (see Table 
11). The average number of shelled larvae 
increased with advanced age of the parent: 
3.00 in adults with 3 annuli, 5.40 with 4 
annuli and 7.50 with 5 annuli. Of the 
gravid adults with larger numbers of shelled 
larvae, 9 contained these F, in 2 size 
groups; 7 gravid adults with smaller 
numbers of these larvae contained just 1 
size group of F, (i.e., either large or small 
larvae), and 1 gravid adult contained the 
larvae in a size series. The largest shelled 
larva was 2.44 mm long, and the length of 
the largest, oldest adult was 8.40 mm. 

Herrington (pers. comm.) identified 
these specimens as ‘“‘Sphaerium forbesii 
(Philippi) (= Pisidium titicacense Prime, 
nomen nudum).” Most authors distinguish 
species of Pisidium from those of Sphae- 
rium and Musculium on the basis of shell 
characters. The most striking conchological 
feature of distinction in species of the 
Northern Hemisphere is that in Pisidium 
the beaks are posterior of center, while in 
Sphaerium and Musculium the beaks are 
anterior of center. Although Cyclas forbesii 


Philippi possesses the beak position of 
Pisidium, it simultaneously contained 2 
size groups of shelled larvae in the same 
adult (a feature presently unknown т 
Pisidium except for differential develop- 
ment within a brood sac), has the fragile 
valves and small cardinal teeth of Muscul- 
jum (though the beaks are not calyculated), 
and suggests, from the comparatively large 
size of the shelled larvae, newborn of the 
size in Sphaerium. 


Sphaerium nitidum Clessin 


Herrington (1950) found no evidence of 
a “breeding season” in August collections 
from Great Slave Lake, Northwest Terri- 
tories, Canada. Clarke (1973: 135-138), in 
presenting findings on the occurrence of 
shelled larvae longer than 0.5 mm in 6 
preserved adults from Great Bear Lake, 
N.W.T., Canada (20 August 1965), reported 
1-6 such F, per adult. The larvae in 1 
adult were of 2 sizes, and those in the 
other 5 were of similar size. The largest 
larva was 2.3 mm long. 

Tribasic sodium phosphate treatment of 
130 specimens collected during June, July 
and August has provided additional data 
(Table 11). М one assumes that these 
figures are representative of this species, 
the average number of shelled larvae may 
be considered to increase with advancing 
age of the adult up to the presence of 4 
annuli, after which it declines. Shelled 
larvae first appeared in adults with 1 
annulus. The greatest number of shelled 
larvae in an adult was 11. Forty-seven of 
the gravid adults contained shelled larvae in 
2 size groups, 37 had larvae in 1 size group 
and 14 possessed shelled larvae in a size 
series. The largest unborn larva was 2.58 
mm long, and the smallest non-gravid adult 
(О annuli) was 3.19 mm. The largest, oldest 
adults reached a length of slightly more 
than 6 mm, a size similar to those given by 
Clarke (1973). 

Dissection of gravid adults from a June 
collection revealed the simultaneous 
incubation of embryos, fetal larvae and 
prodissoconch larvae; extra-marsupial larvae 
were absent. The largest animal, 8.57 mm 
long (number of annuli not recorded), 
contained 10 embryos, 1 fetal larva and 2 
prodissoconch larvae in 3 primary, 1 
secondary and 2 tertiary sacs, respectively. 
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TABLE 11. Size of Py and number of shelled larvae in adult Sphaerium and Musculium of different age 
classes (judged by annuli). Except for $. patella, all brood data were obtained from the tribasic sodium 


phosphate technique. L, length in mm. 


ии 


No. annuli on Ру shell 


Species 
Feature pa 1 2 3 4 5 
$. forbesii 
No. of Py 3 10 4 
LofPp,b 6.50 7.44 8.19 
+0.26 +0.22 +0.21 
No. of F,P 3.00 5.40 7.50 
+0.00 +2.99 +3.86 
Longest Fı 2.39 2.44 1.97 
S. nitidum 
No. of Py 32 24 44 22 4 4 
Lof P,5 3.15 4.44 5.22 5.81 5.94 5.96 
+0.52 +0.36 +0.65 +0.55 +0.56 +0.29 
No. of F¡D 2.79 3.20 4.32 5.00 3.25 
+1.18 +1.65 +2.38 Eo +1.26 
Longest Fy 1.89 2.58 2.52 2.21 1.85 
$. occidentale 
No. of Py 7 4 11 5 3 2 
Lof P,b 3.31 5.33 5.54 6.08 6.83 723 
+0.30 +0.37 +0.40 +0.14 +0.19 +0.00 
No. of F¡b 4.00 6.09 7.60 6.67 6.00 
+0.82 +2412 +0.55 +1.15 +2.83 
Longest Fj 0.97 1.68 1.81 1.60 1.30 
S. patella 
No. of Pı 18 18 37 17 
Lof P¡b 7.42 10.02 11.18 12.36 
+0.79 +0.78 +1.08 +1.26 
No. of F,5 241 2.97 3.18 
+1.02 +1.42 +1.01 
Longest Fy 1:75 6.17 5.67 
M. novaezelandiae 
No. of Py 2 3 
Lof P,b 5.63 5.71 
+0.26 +0.24 
No. of F,P 5.00 4.00 
+2.83 1879 
Longest Fy 1.26 1.68 
M. tasmanicum 
No. of Py 3 2 
L of P,b 4.31 5.38 
+0.39 +0.00 
No. of F,P 3.00 4.00 
#173 +1.41 
Longest Fy 0.92 1.68 


a Specimens with O аппий lacked shelled larvae. 
Ь Mean + 1 standard deviation. 


Sphaerium occidentale (Prime) 


“This species has a preference for, or 
requires, a habitat that dries up for part of 
the year’’ (Herrington, 1962: 22), and in so 
doing this species occupies a common 
habitat of Musculium lacustre, М. part- 
umeium and М. securis, and sometimes М. 
transversum, which however, expresses a 


predilection for large streams. Since water 
typically occurs in such a temporarily 
aquatic habitat only in the spring and fall 
(the habitat being dry in the summer, and 
filled with ice and snow in the winter, in 
relevant latitudes), details of the life his- 
tory in such a species night be expected to 
vary considerably from those displayed by 
related species which live in permanent 
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waters. (The only known record of S. 
occidentale in permanent waters is that 
given by Kenk, 1949). 

Kenk (1949) stated that the young of S. 
occidentale are born in the spring, when a 
temporary pond contains water, that they 
bury into the mud during the dry summer 
period, emerge when the pond fills with 
water in autumn, grow to their maximum 
size in the next spring, and then die after 
giving birth. 

Clarke (1973: 148-151) reported the 
presence of 2-5 shelled larvae longer than 
0.5 mm in each of 6 adults from Ontario, 
Canada, and Montana, U.S.A. The largest 
larva was 2.0 mm long, and all larvae in 
each adult were of like size. 

Tribasic sodium phosphate treatment of 
32 specimens has provided additional infor- 
mation about this species (Table 11). 
Shelled larvae 1st appeared in adults with 1 
annulus. The largest number of shelled 
larvae in any adult was 10. Sixteen adults 
contained shelled larvae in 2 size groups, 5 
had them in 1 size group, and 4 possessed 
them in a size series. The average number 
of shelled larvae per adult increased with 
advanced age of the parent up to 3 annuli 
and then declined. However, these figures 
may be misleading because they represent a 
composite of 4 different collections, each 
from a different year, and the older adults 
might have given birth to some young prior to 
collection. Furthermore, only a few animals 
of the older age classes were available for 
examination. The largest unborn larva was 
1.81 mm long, and the smallest non-gravid 
P, (0 annuli) was 2.13 mm in length. The 
oldest animal attained a length of slightly 
more than 7 mm. 

Preserved gravid adults contained varying 
numbers of different types of brood sacs 
(2-9 per adult) and of total numbers of F, 
in all stages. The maximum of 31 F,, 
housed in 2 primary and 4 tertiary sacs, 
consisted of 7 embryos and 24 pro- 
dissoconch larvae. The largest extra- 
marsupial larva obtained by dissection was 
1.89 mm long. 


Sphaerium patella (Gould) 


An August collection of poorly pre- 
served animals was treated as were the 
isolation-rotting samples; numbers and 
sizes of only shelled larvae were evaluated. 
The maximum number of shelled larvae per 


parent among the 72 gravid adults was 8, 
although the most frequent numbers were 
2 and 4. Shelled larvae occurred in 1 of 3 
size groups: nearly identical in length (in 
35 adults), 2 different lengths (28 adults) 
or in a size series (9 adults). Smaller, 
younger adults with only 1 or 2 larvae 
contained small larvae, while others with 3 
or more larvae usually contained both large 
and small larvae. Larger, older adults with 
few larvae ordinarily contained either small 
(prodissoconch) or large (extra-marsupial) 
larvae, while those with larger numbers 
contained larvae of 2 different sizes or in a 
size series. The P, did not contain shelled 
larvae until 1 annulus was present, and the 
average number of shelled larvae per parent 
increased with advanced age of the adults 
(Table 11). The largest unborn larva was 
6.17 mm long, and the smallest subadult (0 
annuli) was 6.15 mm long. The smallest 
adult, with 1 annulus and containing only 
prodissoconch larvae, was 8.85 mm long. 
Eleven well-preserved gravid animals 
from a July collection were also dissected. 
Tertiary brood sacs predominated in num- 
ber, and, although a few primary and ter- 
tiary sacs were present, only 1 adult con- 
tained all 3 types of sacs (total of 6) as 
well as extra-marsupial larvae. Of the 36 
sacs examined, 3 had 2 F, in different 
stages of development: one with 1 embryo 
and 1 fetal larva, and 2 with 1 fetal larva 
and 1 prodissoconch larva. Both the 
average number of shelled larvae, similar in 
value to those from the August collection, 
and the average number of all Е, were 
higher in adults of greater size and age. 


Sphaerium rhomboideum (Say) 


Baker (1928: 346) listed 2-7 “young” in 
7 adults from Indiana, U.S.A., and Clarke 
(1973: 138-141) recorded 2-11 shelled 
“Juveniles” longer than 0.5 mm in 4 adults 
from as many localities in Manitoba, 
Ontario and Saskatchewan, Canada. 

Preserved Mill Lake P,, from just 5 
monthly collections (June-October) and 
with only 1-3 annuli were dissected. The 3 
types of brood sacs were present in each 
sample, but simultaneously in only 40.0% 
of all gravid individuals. Larger, older 
animals contained more sacs and incubating 
F, than did smaller, younger ones. Primary 
sacs and embryos were most frequent in 
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August, during the period when gametes 
were most abundant in the population (see 
Table 1). Neither the other types of sacs 
nor the various larvae showed seasonal 
variation in frequency, perhaps because of 
the short time span involved. Smaller P, 
without annuli lacked brood sacs; larger P, 
with O annuli usually possessed primary 
sacs or, rarely, both primary and secondary 
sacs, and then only in August, September 
and October. 

Some adults in each of the 7 monthly 
isolation-rotting samples (April-November) 
contained shelled larvae. The maximum 
number of these larvae was 9, although 2 
was the most frequent. The greatest total 
number of shelled larvae occured in adults 
with 3 annuli. Whereas those adults were 
more numerous than adults with 4 and 5 
annuli, they were less abundant than those 
with 2 annuli. Moreover, the average 
number of shelled larvae per adult did not 
vary significantly among animals with 3, 4 
and 5 annuli (cf. Table 6), which suggests 
that generative performance remained 
relatively constant in about the latter half of 
life, i.e., did not consistently increase with 
advancing age. 

As in all other species of Sphaerium and 
Musculium examined here, gravid adults of 
S. rhomboideum of various age classes (viz., 
with 1-5 annuli) contained shelled larvae in 
1 of 3 size categories. The average numbers 
of shelled larvae per adult increased from 
the 1-size group (1.67 for 88 adults) to the 
2-size group (3.90 for 58 adults) to the 
series-size group (5.24 for 21 adults), and 
in no category was there found seasonal 
increase or decrease in these values. 

Because none of the extra-marsupial 
larvae obtained by dissection were less than 
2.8 mm in length and none of the 
prodissoconch larvae exceeded that value, 
2.8 mm was selected as a general size 
distinction between Е, in these 2 stages of 
development. It was difficult to interpret 
possible seasonal changes in the numbers 
and frequencies (% of sample) of pro- 
dissoconch and extra-marsupial larvae 
because the numbers of P, per collection 
were so variable (25-111). However, it was 
found that prodissoconch larvae (i.e., Е, < 
2.8 mm) predominated in adults having 
shelled larvae in 1 or 2 size groups. Only 
21 of 167 gravid adults contained shelled 
larvae in more than 2 size groups, pro- 
dissoconch and extra-marsupial larvae 


appearing in similar numbers of adults (viz., 
12 and 9, respectively). 

Heavy ice cover on Mill Lake made 
winter collections impossible, and whether 
any fertilizations or births occurred during 
that period is unknown. Nevertheless, low 
average numbers of shelled larvae in adults 
with 1-5 annuli in late June and again in 
late October suggest that temporally sepa- 
rate main birth periods occurred in the 
population at those times. The largest 
shelled larva was 4.28 mm long, and the 
smallest subadult, with O annuli, was 3.75 
mm long. The smallest preserved adult, 
with O annuli and containing only embryos, 
was 5.21 mm long; the smallest adult in 
the isolation-rotting samples, with 1 
annulus and only prodissoconch larvae, was 
6.72 mm long. Judged from the sizes of 
the shelled larvae present before the birth 
periods, most newborn were about 3 mm 
in length. 


Sphaerium rivicola (Lamarck) 


In his anatomical studies, Groenewegen 
(1926) found that gravid animals simul- 
taneously possessed “several” (small and 
large) brood sacs per anterior demibranch, 
and that each sac usually contained 1-2 Е, 
(rarely 3-4, and never more than 4). He 
also reported that (1) '“small'” sacs were fre- 
quent in May and June but were absent from 
the demibranchs in the spring and fall, (2) 
the F, in the spring and autumn collections 
were larger than those in the summer collec- 
tion, and (3) “free”, i.e., extra-marsupial, 
larvae were absent during the summer. The 
largest extra-marsupial larva found was 6 mm 
in length, and the smallest newborn were of 
equivalent size. 

According to Thiel (1928), from field- 
cage studies, June newborn released their 
own offspring in October. No births occur- 
red during the winter months, and growth 
was essentially suspended until March. 
Summer newborn were larger (4-5 mm 
long) than fall newborn (3-4 mm), and the 
number of newborn appearing in the 
summer was larger than the number of 
young born in the fall. The adults reached 
a length of 13-14 mm before 1st releasing 
young, which were born at a size of about 
3-5 mm in length. 

Groenewegen believed that, since the 
gravid adults could probably not supply 
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sufficient quantities of nutrients to be able 
to produce several different ‘‘broods’’ per 
year, the period of incubation in $. rivicola 
had to be at least 1 year, with only a single 
brood appearing each year. Thiel’s data, 
however, indicate that only 3-4 months are 
needed for the animals born in the summer 
to release their own young in the fall. 
Consequently, if fertilization occurs in the 
fall, an incubation period of about 8 
months would be necessary for the 
development of a “brood” which would be 
born in the following summer. And an 
incubation period of less than half that 
time would be adequate for the develop- 
ment of a brood to be born in the fall. In 
summary, whereas Groenewegen suggested 
the appearance of 1 brood per year in $. 
rivicola, Thiel’s data indicate 2 periods of 
fertilization and birth per year in the 
population. 

Because Groenewegen found adults with- 
out brood sacs in winter collections, he 
thought that births can occur during that 
season. However, Thiel’s study demon- 
strated that growth and birth cease in the 
winter (as also in $. corneum and $. 
solidum). 


Sphaerium simile (Say) 


Drew (1896) and Gilmore (1917) stated, 
respectively, that in this species “repro- 
duction” and “the breeding season” is 
continuous for the greater part of a year, 
each presumably basing that conclusion on 
the occurrence of gravid animals at all 
times. Gilmore reported that the largest F, 
found by dissection was 8 mm long, and 
that the smallest non-gravid P; was 10 mm 
long. The 156 adults of 400 P, that he 
examined from a July collection carried a 
total of 267 F,. Most adults contained 2 
F,, while a few had 4. F, sizes were stated 
to be independent of parental size, 
although no documentation was given. 
Baker (1928: 313-316) briefly noted that 
“fully formed” F, were present in July 
and August, and that F, near birth-size 
were 30-35% as large as the parent. Clarke 
(1973: 142-144) documented up to 17 
shelled larvae longer than 0.5 mm among 4 
adults. 

Avolizi (1971) studied 2 New York 
populations, 1 in a lake and 1 in a 
reservoir. About 150 P, per month were 


classified into different “generations” or 
“age classes’’ and depicted in size-frequency 
histograms, usually on the basis of length 
(0.2 mm increments) but sometimes 
according to shell color and number of 
annuli. “Brood numbers’’ (i.e., number of 
F, per P,) were based on Е, from about 
40 preserved adults per month. Е, were 
grouped into 5 size classes (viz., < 1.0, 
1.1-1.9, 2.0-2.5, 2.6-3.0 and 2 3.1 mm in 
length), and frequencies of those in the 
smallest and largest classes were used to 
identify periods of fertilization and birth 
(‘‘spat-fall’’), respectively. Fertilizations in 
the lake population occurred between late 
May and mid-August, and births in 3 
periods: 25% in April-May, 50% in June 
through early September, and 25% in late 
September until December. In the reservoir, 
fertilizations occurred between early July 
and late October, and births in 2 periods: 
late May until August, and late August 
through November. Newborn in both 
populations averaged 6.4 mm in length, and 
the minimum size at 1st “reproduction” 
(i.e., birth) was about 14.4 mm at 1 year 
of age. Common maximum length at death 
was 17 mm in the lake and 19 mm in the 
reservoir, each about 26 months after birth. 
The number of F, per adult varied with the 
size and age of the adult (viz., from 1.60 + 
0.55 F, in adults 9.64 + 0.26 mm long to 
5.67 + 1.94 F, at 19.42 + 0.19 mm;.cf. 
Avolizi’s Tables XIV-XV), and also the 
season. 

Zumoff (1973) reported that “герго- 
duction” in another New York population 
occurred throughout the year, and that an 
“annual reproductive cycle” was charac- 
teristic among those animals. Fertilizations 
were found in all seasons but were most 
frequent in the summer. Fetal larvae, 
“intermediate embryos’ of 0.3-3 mm 
lengths and F, of maximum size were 
found in adults throughout the year, and 
the birth “rate” was highest in the winter 
and summer. Newborn were 5-7 mm long, 
adults were 9-10 mm long when 1st gravid, 
and F, of birth size were most frequently 
found in adults 15-17 mm long. During the 
winter and spring, most large adults con- 
tained 4-6 “intermediate embryos” (stated 
to be the results of 2 or 3 fertilization 
periods); only 2-4 such F, per large adult 
occurred in the summer following the 
winter birth period. Duration of specific 
incubation periods and average life span 
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were not recorded. 

A November isolation-rotting sample of 
26 P, from Mill Lake has provided further 
data. The sample contained по P, with 0 
annuli, and none of the 5 P, with 1 
annulus were gravid with shelled larvae. 
The largest number of shelled larvae per 
parent was 8, although 2 and 4 were the 
most frequent. Seven of the 18 adults 
contained shelled larvae in 2 size groups, 8 
possessed them in 1 size group, and 3 
contained larvae in a size series. In general, 
the average number of shelled larvae per 
adult increased with increasing age of the 
parent (up to Б.О + 0.71 Е, in adults with 
6 annuli). The largest unborn larva was 
4.09 mm long, and the smallest subadult 
with 1 annulus was 6.00 mm long. The 
oldest adults attained a length of slightly 
more than 16 mm. 

Preserved adults contained up to 10 F, 
in 4-9 brood sacs. Only 28 of 131 adults 
simultaneously contained F, of all 4 
developmental stages. Just 1 prodissoconch 
larva was longer than 4 mm, and the 
shortest extra-marsupial larva was 4.12 mm 
(up to 6.05 mm). 


Sphaerium solidum (Normand) 


Lehmann (1873) maintained a single 
adult for a short period. On June 8, a few 
days after collection, М released 4 large 
young (each 4 mm long), and 3 days later 
4 smaller young (2 mm long). On June 12 
the adult was killed and was found to 
contain 12 shelled larvae of 2 lengths, viz., 
% and 1% mm. 

Thiel (1928) later stated that animals in 
his field-cage studies produced an average 
of about 22-24 newborn dur'ng their life. 
Young born in the spring (April) released 
their “brood” in the fall (November) and 
then died, fall newborn overwintered and 
released offspring in the following summer 
when they died, and summer newborn 
overwintered and released their young in 
the next spring when they died. Oniy 
rarely did larger, older animals (the gener- 
ation of spring newborn?) overwinter. 


Sphaerium striatinum (Lamarck) 


According to Monk (1928: 497), who 
studied a population near Urbana, Illinois, 


U.S.A., “...it is evident that reproduction 
is at the maximum during the summer 
months and that very few young are born 
during the winter.” In contrast, in a study 
of a population from the same area, Foster 
(1932) reported that individuals “breed” 
(i.e., release young) twice a year, displaying 
a maximum peak in this activity in the 
winter and a smaller peak in the summer 
(see section on BROODS AND GENER- 
ATIONS). 

Monk (1928: 496) reported that 
“. individuals under 9 mm in length were 


sexually immature’ (i.e., non-gravid), 
whereas Woods (1931: 584) stated that 
“ .. young are present in the brood 


pouches of 3-mm specimens and are set 
free from specimens of 4 and 5 mm т 
length.” The young were born at a size of 
2.5-4 mm in length according to Monk, of 
“approximately 1.5 mm in thickness (about 
4 mm in length)” according to Foster 
(1932), and 4-5 mm in length according 
to Woods (1931). Foster (1932) also noted 
that the marsupia generally contained 2-4 
F,, and when 4 were found, 2 were 
distinctly larger than the remaining 2. 
Baker (1928: 307) noted 1-5 F, (up to 4.5 
mm long) among 9 adults from Wisconsin, 
U.S.A., and Clarke (1973: 145-148) 
detailed 2-9 shelled F, longer than 0.5 mm 
(up to 5.9 mm) in 9 adults from Canada. 

Avolizi (1971) employed the same 
methods on a New York population of this 
species that he used in studying S. simile. 
Fertilizations occurred between late May 
and mid-August, and births in 2 periods: 
70% from late May through August and 
30% from late September until December. 
Newborn averaged 3.6 mm in length, and 
the minimum size of spring and early 
summer newborn 3 months after their birth 
was about 9.2 mm. Common maximum 
length at death was 12.6 mm after 18 
(for fall newborn) or 24 months (‘‘early- 
born,” i.e., spring newborn). The number 
of F, per adult varied with the size and 
age of the adult (viz., from 4.89 + 2.09 
F, in adults 7.53 + 0.28 mm long to 
14.50 + 3.54 IF, at 13.703 014 mm er 
Avolizi’s Table XIII), and also the season. 

In the present study, all 3 types of 
brood sacs and all 4 stages of F, were 
found among preserved animals in each of 
the 10 monthly collections from the River 
Raisin (cf. Table 3), although they were 
simultaneously present in only 36 of the 
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99 adults examined. Primary sacs and 
embryos were most frequent (as % of all in 
a sample) from May through September, 
whereas the secondary and tertiary sacs and 
their larvae were not seasonal. Extra- 
marsupial larvae were always present, in 
relatively low numbers, but were larger 
during the summer. Of the 44 P, that 
lacked annuli, 19 were gravid. Thirteen of 
those adults contained only primary sacs 
and embryos (between February and 
October), 3 had only secondary sacs and 
fetal larvae (April, September and 
December), 1 possessed both primary and 
secondary sacs with their larvae (April), 
and the remaining 2 (1 each in August and 
October) contained primary and tertiary 
sacs and their larvae; none carried extra- 
marsupial larvae. Of the 44 P, with 0 
annuli, 24 were shorter than 5 mm and 
only 4 of those were gravid; 15 of the 
remaining 20 adults, all longer than 5mm, 
were gravid. 

The maximum number of shelled larvae 
in any adult in the 8 monthly isolation- 
rotting samples from the River Raisin was 
13, although 2 and 4 were the most 
frequent numbers. The average number of 
shelled larvae per adult increased with 
advancing size and age of the adult (cf. 
Table 6). As in other Sphaerium and 
Musculium, adults of different age classes 
contained shelled larvae in 1 of 3 size 
categories: like size (in 49.2% of all gravid 
animals), 2 different sizes (37.4%) or a 
series of sizes (13.4%). The average number 
of shelled larvae consistently increased 
from the 1-sized group (1.78 F, per adult 
for all 8 samples) to the 2-sized group 
(3.54 F, per adult) to the series-sized 
group (5.74 F,), and decreased during the 
summer months in all 3 categories. 

Because all but 2 extra-marsupial larvae 
obtained by dissection were longer than 2 
mm (smallest: 1.93) and all prodissoconch 
larvae but 2 were less than 1.97 mm long 
(largest: 2.10), 2.00 mm was selected as a 
general size distinction between F, of 
those 2 stages of development. Of the 212 
isolation-rotted adults containing shelled 
larvae in a single-sized group, those with 
only prodissoconch larvae (i.e., Е, >2.00 
mm) were less numerous in July, those F, 
by then probably having matured into 
extra-marsupial larvae, while those with 
only extra-marsupial larvae (F; > 2.00 mm) 
were more abundant from the middle of 


May to the middle of July, and thereafter 
diminished in number as births occurred. 
Among the 161 adults with shelled larvae 
in 2 size groups, there was a summer 
decline in the numbers of prodissoconch 
and extra-marsupial larvae; there was no 
significant seasonal variation in numbers of 
extra-marsupial larvae in these adults but, 
as previously noted for the anatomical 
samples, sizes of these larvae were largest in 
the summer. Fifty-eight of 431 adults 
contained shelled larvae in a size series, and 
a seasonal decline in their numbers occur- 
red during the summer. Five of these adults 
contained only prodissoconch larvae, and 
53 contained both prodissoconch and 
extra-marsupial larvae; none carried just the 
latter. 

Lower frequencies of adults containing 
shelled larvae in different size groups and 
lower average numbers of shelled larvae at 
that time suggest that most births in the 
River Raisin population occurred during 
the summer. Most newborn appear to have 
been as short as 2.5-3 mm. The longest 
shelled larva was 3.55 mm in an adult with 
1 annulus, and 5.54 mm in an adult with 2 
annuli, and the shortest subadult, with 0 
annuli, was 2.86 mm. 


Musculium japonicum (Westerlund) 


According to Okada (1935b), a 
population of this Oriental species exhib- 
ited 2 periods of fertilization and 2 periods 
of birth per year. Young clams born in late 
“spring” (June) were stated to grow until 
the fall (October) when they attained 
“sexual maturity” and fertilization occur- 
red. The resulting Е, were incubated over 
the winter and were born in the spring. 
The original spring-born parents underwent 
a 2nd fertilization at this time, and the 
resulting Е, were incubated during the 
summer and were born in the fall. Animals 
of a brood born in the fall underwent 
fertilization in the following spring and 
released their 1st brood in the fall. Their 
2nd brood, provided by a fall fertilization, 
was born in the next spring. Spring 
newborn had thus undergone an incubation 
period of 8 months, whereas fall newborn 
were incubated for only 4 months. 

Extra-marsupial larvae, present only 
from May through November, were 1.5-2.5 
mm long. The gonads became “active” 
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when the subadults were at least 2.5 mm 
long, and spring-born adults were gravid at 
a length of 3mm. Larger adults were 
reported to contain greater numbers of F; 
(up to an average of 10.5) than smaller, 
¡.e., younger, adults. 


Musculium lacustre (О.Е. Müller) 


Mitropolskji (1965) reported that, in a 
temporary pond population, brood sacs 
were 1st found in adults from a June 
collection made when the pond was dry. 
Newborn (1.5-2 mm long) appeared from 
early July, when the pond began to fill 
with water, until late fall. By mid-July, the 
rapidly-grown P,, then at least 5 mm long, 
contained 12-18 F, in 3 different sizes and 
degrees of development. Two generations 
were recorded: a summer-born group that 
died in the early winter after releasing 
young in the fall, and a fall-born group 
that overwintered and died after releasing 
young in mid-summer. Clarke (1973: 
152-155) found up to 28 shelled F, per 
adult; of those, 12 were 0.9 and 16 were 
1.4 mm long. 

Preserved adults in the present study 
contained 1-7 brood sacs (up to 14 F, per 
sac), a variable number of extra-marsupial 
larvae, and a total of as many as 45 F,. In 
general, prodissoconch larvae were shorter 
than 1.00 mm, and extra-marsupial larvae 
exceeded that value (largest: 1.34 mm). 
The oldest adults attained a length of 
nearly 7 mm. 


Musculium novaezelandiae (Deshayes) 


Tribasic sodium phosphate treatment of 
dried museum specimens provided limited 
data (see Table 11) on this little-known 
species of New Zealand, the Chatham Islands 
and the Auckland Islands. The average 
number of shelled larvae was nearly the 


same in adults of the 2 age classes 
examined, but there were so few P, 
available that the values may not be 


characteristic. The largest number of 
shelled larvae in an adult was 7. Two adults 
contained shelled larvae in 2 size groups, 1 
possessed those larvae in 1 size group, and 
2 contained them in a size series. The 
largest larva was 1.68 mm long, and the 
longest adult was 6.38 mm. 


The shells were fragile but not calycu- 
lated, although Kuiper (1966) stated that 
the beaks of this species often possess 
nepionic caps. Those features and the 
relatively small size of the shelled larvae 
suggest that “Sphaerium" novaezelandiae 
Deshayes may be a species of Musculium, 
in which group it is herein placed. 


Musculium partumeium (Say) 


Gilmore (1917) recorded a maximum of 
24 Е, in adults, and Van Cleave et al. 
(1947) reported that adults contained F, 
(shelled larvae?) of 2 size groups. 

Although not mentioning numbers of 
sacs or their contents, Thomas (1959) 
reported that in laboratory cultures new- 
born appeared as early as the 8th week 
after the birth of their parents, that 2-30 
(mean: 10) newborn appeared before the 
death of the adult, and that up to 6 
“generations” were released by an animal 
within 15 months. She further stated that 
the “production” of young was continued 
until the death of the parent, and assumed 
that F, were incubated for variable periods 
of time. She later (1963) concluded, from 
analyses of monthly collections, that new- 
born appeared in the field in June, showed 
little growth until the following March or 
April, and died in June or July. Still later 
(1965) she stated that under optimal 
natural conditions most adult growth can 
be accomplished in 7-10 weeks, and that 
young can be born in about the 13th week 
of adult growth, basing her estimates on 
the assumption that growth begins in 
March. 

Examination of Thomas’ field data 
(1963: 39-41) shows (1) the disappearance 
of the largest P, from the population т 
June-July, (2) the occurrence of greater 
numbers of the smallest P, (viz., 1-2 mm 
long, the size of newborn) in 2 periods for 
each of 2 consecutive years (March and 
July-December, 1953; March and June- 
October, 1954), and (3) a significant 
difference in the lengths attained by the 
largest P, in these 2 years (up to 6 mm in 
1953, and up to 10 mm in 1954). Thomas 
concluded that the life span of most animals 
was about 1 year, but she also noted that a 
very few ‘‘subadults (3-5 mm)” were able 
to survive an additional summer. She 
further suggested that the life span may be 
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shortened by the early loss of standing 
water from the temporary pond. 

Thomas (1963) stated that the pond 
usually lacked standing water from July to 
October or November. Judged from her 
size-frequency data, births evidently occur- 
red at least twice in the population, viz., in 
March when water was first present during 
the year, in June just before the pond 
dried, and possibly also in the fall when 
standing water was again present. Despite 
warm temperatures, there apparently was 
no growth of June newborn during their 
aestivation in the mud. This explanation 
would account for the relatively large 
numbers of very small P, found during 
that period. Thomas noted the difference 
in the maximum sizes of P, from the 2 
consecutive years, and suggested that the 
definitive size of the animals was affected 
by rainfall (total monthly rainfall levels 
were higher in 1954 than in 1953). The 
amount of precipitation could possibly also 
influence the life span of the animals. More 
rainfall could produce longer periods of 
standing water during which the clams 
could grow larger and, after a more 
extensive period of feeding, be better able 
to survive another summer aestivation as 
well as another winter. 

The specific duration of incubation of 
each of the 4 developmental stages is 
unknown for all Sphaerium and Musculium, 
but at least in general the shortest total 
incubation period in Sphaerium is about 4 
months. Some adult M. partumeium from the 
Kenk-Thomas pond simultaneously con- 
tained all 4 stages of Е, development when 
collected in early May, and it is probable 
that the extra-marsupial larvae would have 
been born in June and that the adults 
would have lived long enough to release the 
other F, at later periods when water was 
again present in the habitat. It would seem 
unlikely that the fetal larvae and embryos 
could have developed sufficiently in 1-2 
months to be born before the pond dried. 
However, Mackie (1973) demonstrated 
occurrence of birth in M. securis after 
60-70 days of postlarval life, and Gale 
(1969) reported a remarkable life cycle of 
just 1 month in M. transversum. 

In the present study, preserved adults 
contained 1-5 brood sacs, with up to 14 F, 
per sac, and variable numbers of extra- 
marsupial larvae. A maximum total of 36 
F, per adult was found. All prodissoconch 


larvae were less than 1.0 mm in length, and 
all extra-marsupial larvae were more than 
1.0 mm long (largest: 1.22 mm). The 
oldest adults (barely 8 mm) contained 
greater average numbers of F, than did 
younger adults, indicating that the gener- 
ative performance increased with age. 


Musculium securis (Prime) 


Baker (1928: 360-363) listed 1 adult 
(5.5 mm long) with 5 Е, (1.5 mm), and 


Clarke (1973: 157-160) recorded 1-7 
shelled F, longer than 0.5 mm among 4 
adults. 

Mackie (1973) investigated 4 popu- 


lations, viz., 2 in temporary ponds and 1 
each in a stream and a lake. Monthly 
collections of 19-144 animals per sample 
were preserved, and numbers of P, in 
different size classes (0.49 mm increments) 
were used to identify birth periods and 
longevities. The interpretations were sup- 
ported by field-cage maintenance studies. 
Both temporary pond populations 
exhibited 1 birth period in a year, in early 
July after which the adults died. There 
were 2 birth periods per year in the stream 
population, 1 in July-August and a 2nd in 
September (based on offspring of the early 
July newborn). Births in the lake popu- 
lation occurred throughout the year, but a 
major peak appeared in the winter and a 
secondary peak in July-August. Inter- 
population transplantations were con- 
ducted, and the transplants assumed the 
reproductive pattern of the host popu- 
lation. In all populations, however, new- 
born appeared after the adults reached 
60-70 days of postlarval age, full growth 
(about 6.5 mm in length) was attained by 
80 days, and the usual life span was about 
1 year. 

In the present study, preserved adults 
contained 2-6 brood sacs, with up to 14 Е, 
per sac, as well as a variable number of 
extra-marsupial larvae. A maximum total of 
34 F, per adult was found. Most pro- 
dissoconch larvae were less than 1.0 mm 
long, and most extra-marsupial larvae were 
more than 1.0 mm long (largest: 1.85). The 
oldest adults (nearly 8 mm) contained 
more F, than younger ones. 
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Musculium tasmanicum (Tenison-Woods) 


Tribasic sodium phosphate treatment of 
5 dried museum specimens has provided 
some limited data (see Table 11) on this 
poorly-known species of southeastern 
Australia and Tasmania (Kuiper, 1966). 

The observed numbers of shelled larvae 
per adult were rather low (2-5). The 
average number of shelled larvae was 
slightly larger in adults of greater age (1 
annulus: 3.00; 3 annuli: 4.00), although 
the values may be misleading because there 
were so few adults in both age classes; no 
P, with 0 annuli and 2 annuli were available. 
Two of the adults contained shelled larvae in 
2 size groups, 2 contained these larvae in 1 
size group, and 1 contained them in a size 
series. The largest shelled larva was 1.68 
mm long. 

The largest shelled larvae were compara- 
tively small, and the beaks of the P, were 
calyculated. Consequently, this species, like 
the closely-related “Sphaerium'” novaeze- 
landiae Deshayes, is treated herein as a 
species of Musculium. However, further 
research on these 2 species will be needed 
to determine the validity of the numbers of 
shelled larvae. Species of Musculium display 
higher values than those observed here. 


Musculium transversum (Say) 


Baker (1928: 351-353) noted that 1 
adult (8 mm long) carried 6 F, (1.6-2.5 
mm). Russo (1952) found a total of 41 
extra-marsupial larvae in 1 animal, and Gale 
(1969) reported a maximum of 86 F, in 
an animal. Clarke (1973: 160-163) listed 
5-34 shelled Е, longer than 0.5 mm among 
6 adults. One adult, 12.4 mm long, 
contained 9 F; that were 1.2 mm long and 
25 F, that were 2.1 mm. 

Gale (1969) reported that М. trans- 
versum in permanent Waters completed 
their life cycle in about 1 month (demon- 
strated by laboratory growth experiments) 
and usually lived less than 1 year (many 
only about 6 months). Young born in the 
spring or early summer (March-May) were 
stated to die in the late summer or fall. 
Summer newborn overwintered and died 
“sometime in the following year,” and the 
late fall newborn overwintered and died in 
the following fall (from analysis of field 
collections). He dissected preserved adults 


from monthly collections (lacking for 
January, May, November and December) 
and found that except in July and August 
larger clams contained greater mean 
numbers of Е, than did smaller individuals, 
and that the mean number of Е, per adult 
was highest in June but markedly decreased 
by July as births commenced. 

Although he did not determine the size 
at which eggs and sperm were first present, 
Gale observed that the newborn (mean 
length: 2.2 mm) became ‘‘sexually mature” 
(1.е., gravid) early in life, all P, of a length 
of 5 mm already containing brood sacs and 
F,. In the laboratory, Р, that were 4-5 
mm long in July reached a length of 9-10 
mm by September. The largest adults, 
which died in greatest numbers in July and 
August, occasionally exceeded 14 mm in 
length. 

Preserved adults in the present study 
contained 1-6 brood sacs, with up to 18 Е, 
рег sac, as well as variable numbers of 
extra-marsupial larvae. A maximum of 70 
Е, per adult was found. All prodissoconch 
larvae were less than 1.2 mm in length, and 
all extra-marsupial larvae were more than 
1.4 mm long. (Gale stated that the latter 
were longer than 1.6 mm, and Е; in sacs 
were less than 1.2 mm.) The oldest adults, 
exceeding 13 mm, contained more F, than 
did younger adults, demonstrating that the 
generative performance increased with age. 


DISCUSSION 
Reproductive Cycles 


Individual Sphaerium and Musculium 
seemingly have the capacity for fertilization 
and birth throughout the year, although 
these activities and also rates of Е, 
development can be influenced (perhaps 
regulated) by specific environmental con- 
ditions that in different habitats can 
impose a lower to higher synchronization 
in different populations. These conclusions 
are based principally on known intra- 
specific variations in $. simile, $. striatinum 
and M. securis. 

Several species with a comparatively 
short life span of 4-8 months (e.g., $. 
corneum, S. solidum and M. lacustre), 
depending on the season of birth, have 
been described as possessing semelparous 
individuals in interoparous populations. 
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However, it is not known whether indi- 
viduals in species described as having a life 
span of > 1 year (5. simile and $. 
striatinum) reproduce “continually” until 
or near death, or undergo a sexually 
inactive or spent interval between > 2 
consecutive reproductive cycles (i.e., are 
iteroparous). Nevertheless, in either case 
their populations can also display an itero- 
parous pattern. 

Although several populations of Muscul- 
¡um securis displayed different iteroparous 
patterns (cf. Mackie, 1973), the individuals 
in each were evidently semelparous. It may 
be, however, that a species of Sphaerium or 
Musculium can contain both semelparous 
and iteroparous individuals, whether within 
a single population or in different popu- 
lations under different environmental con- 
ditions. Indeed, intraspecific variation in the 
life cycle of Pisidium (Neopisidium) con- 
ventus Clessin has been demonstrated to 
occur between warmer littoral (4-6 m 
depths) and colder profundal zones (13 m) 
within the same lake (Meier-Brook, 1970). 
However, the detailed nature of sphaerine 
habitats and the means by which particular 
ecological conditions may modify repro- 
ductive patterns have yet to be elucidated. 

Evaluation of population data does not 
necessarily reveal the phenological 
“mechanism” of the reproductive pattern 


described, ¡.e., whether the individuals were 


semelparous or iteroparous. Whereas that 
approach might identify the occurrence of 
highly synchronized semelparous individuals 
with a short life span, the presence of 
iteroparous individuals could be overlooked 
in size histograms. Moreover, histograms 
and tabular representations should be pre- 
pared with care. Although size increments 
of 0.2 mm are satisfactory for small 
specimens, e.g., Pisidium (Cyclocalyx) (see 
Heard, 1965a), they are too small for such 
large animals as occur in Sphaerium (cf. 
Avolizi, 1971) and Musculium, for which 
0.5 or 1.0 mm are more revealing. Size 
classes of F, should be of smaller incre- 
ments than those used for the P,, and the 
F, increments (0.2 or 0.5 mm are recom- 
mended) should be consistently used for 
the full range of F, sizes (see Avolizi, 
1971; Gale, 1969). In addition, numbers of 
individuals in different size classes (Mackie, 
1973) should be converted to frequencies, 
i.e., % of sample(s), when samples of 
different sizes are treated. Small sample 


sizes are often problematic, and especially 
so when synchronization of individuals is 
low. 

In the present study there was no 
selection among the P, collected, but the 
monthly samples were biased in that new- 
born and other small P, were not retained 
by the coarse-meshed net. That procedure 
can be of value, however, if members of 
just a certain size or age class are saved. 
Fertilizations and birth periods are then 
identified by higher frequencies of smallest, 
youngest F, and lower frequencies of 
largest, oldest F,, respectively (Vail, 1977). 
Examination of only P, with 2 annuli was 
undertaken in an evaluation of the monthly 
isolation-rotting samples of S. fabale, S. 
rhomboideum and $. striatinum. The find- 
ings, on smaller mumbers of individuals, 
were not significantly different from those 
for the entire sample(s) containing P, т all 
size and age classes. Unbiased collecting is 
advantageous when all prostlarval indi- 
viduals are saved, thus allowing determi- 
nation of birth periods on the basis of 
higher frequencies of newborn. However, 
the sample size should be large, particularly 
when the definitive brood size is large (viz., 
in Musculium), so that one is more assured 
of obtaining larger, older adults present 
during and after a birth period. 

Finally, maintenance and culturing 
studies in both the field and laboratory 
should be initiated with members of the 
same generation, i.e., size and age class. 
Mackie (1973) conducted such studies on 
isolates, which procedure allows determi- 
nation of possible self-fertilization, whereas 
Thiel (1928) and Avolizi (1971) investi- 
gated a group of individuals common to 
the same cage, i.e., a small population. 


Aspects of Fecundity 


The capacity for, or power of, producing 
young among mollusks has typically been 
investigated in terms of seasons of ovi- 
position or birth (e.g., Duncan, 1959), or 
of numbers of egg masses produced per 
unit of time and the number of eggs per 
mass (DeWitt, 1954a, b). Fecundity т 
general has also received a relatively brief 
but active period of attention as a life 
history feature largely from a “theoretical” 
(i.e., hypothetical) standpoint. This section 
first summarizes some concepts regarding 
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the fecundity of life forms in general, and 
then treats empirical findings from the 
present study. 

Early workers (e.g., Lack, 1948; Cole, 
1954) treated higher fecundity as advan- 
tageous simply in that it provides more 
offspring for perpetuation of the species. 
Cole postulated that animals can increase 
fecundity by (1) an increase in the litter 
(brood) size in a semelparous “species,” (2) 
adoption of an iteroparous habit by a 
semelparous species, (3) increase in litter 
sizels) in an iteroparous species, or (4) 
increase of the life span of an iteroparous 
species, with at least 1 more concomitant 
reproduction. Cole also considered that the 
selective value of iteroparity, which has the 
potential to provide more young than 
generally does semelparity, would be 
greater in cases of delayed maturation (i.e., 
prolonged pre-reproductive life). On the 
bases of these concepts, which imply a lack 
of significant intraspecific variation in 
reproductive habit, Heard (1965a) proposed 
affinities among 3 subgenera of Pisidium. 

However, some workers have faulted 
various aspects of Cole’s scheme, particu- 
larly his speculation that “For an annual 
[i.e., semelparous] species, the absolute 
gain in intrinsic population growth that can 
be achieved by changing to the perennial 
reproductive habit [iteroparity] would be 
exactly equivalent to adding one more 
individual to the average litter size.” 
According to Cole, iteroparity would then 
be of no more benefit than semelparity. 
Nevertheless, it is of widespread occur- 
rence. Iteroparity has subsequently been 
treated as being favored in environments 
with low juvenile survival (Murphy, 1968; 
Charnov & Schaffer, 1973). 

Current views on fecundity concern r 
and К selections as related to logistic 
population growth form (cf. Wilson & 
Bossert, 1971). These concepts, advanced 
by MacArthur & Wilson (1967) and Mount- 
ford (1968), consider 2 kinds of repro- 
ductive strategies on the part of organisms. 
While r and K selections are not mutually 
exclusive, they are more conveniently 
treated separately. 

Species or populations termed  “r- 
strategists’’ are considered to occupy com- 
paratively unstable, ephemeral habitats т 
which the environment imposes high 
density-independent population regulation 
(e.g., through an influence on mortality by 


predation). They have an early reproductive 
maturity and short life span, and display a 
high fecundity but low probability of 
offspring survival (Williams, 1966a; Levins, 


1968; Tinkle, 1969; Wilson & Bossert, 
1971; Gadgil & Solbrig, 1972; Pianka, 
1970, 1972). 


In contrast, “K-strategists”” occur in 
more stable, perennial habitats in which the 
environment imposes high density- 
dependent regulation. They have a delayed 
maturity and long life span, and exhibit a 
low fecundity in selective favor of expend- 
ing greater efforts on non-reproductive 
activities (i.e., competition) while pro- 
ducing young that have a greater survival 
probability (see references cited above, and 
Giesel, 1972). 

According to those considerations, indi- 
vidual Sphaerium are K-strategists and 
those of Musculium are r-strategists. A 
further comparison of each, and their 
relation(s) to Pisidium, is given in the last 
section. 

Numerous environmental features have 
been reported to influence fecundity and 
overall reproductive strategy among various 
organisms: length of breeding season 
(Millar, 1973), population density (Lack, 
1966; Dingle, 1968), mortality and com- 
petition (each as affecting population size 
and density) and population stability 
(Cody, 1966; Levins, 1968; Millar, 1973), 
temperature and photoperiod (Dingle, 


1968), body size, latitude and altitude 
(Lord, 1960; Smith € McGinnis, 1968; 
Spencer & Steinhoff, 1968) and food 


resource (related to at least competition; 
Lack, 1954, 1968; Kambysellis € Heed, 
1971; Millar, 1973). Moreover, whereas 
Williams (1966b) proposed that герго- 
ductive effort tends to increase with age, 
Fagan (1972) claimed that the tendency is 
to decrease such activity with age. Emlen 
(1970) also defined changes in fecundity as 
a function of age, indicating that fecundity 
should be higher at an earlier age and then 
decline. Giesel (1971) reached the same 
conclusion in relation to organisms with a 
high rate of inbreeding. Murdoch (1966) 
had earlier concluded that longevity of 
iteroparous females is greater when less 
effort is given to the 1st reproduction, and 
Calow (1973) proposed that semelparous 
females live longer if unmated. 

Several ecological features have been 
identified as affecting fecundity in sphae- 
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riids. Smaller definitive brood sizes or 
lower numbers of Е, were associated with 
low concentrations of dissolved O, (a 
consequence of pollution; Thiel, 1926), 
parasitism by trematodes (Heard, 1965a; 
Mackie, 1976) and higher population 
density (Gale, 1969; Mackie, 1973). In 
addition, Meier-Brook (1970) showed that 
in Pisidium (Cyclocalyx) the number of 
broods produced in a year depended on 
whether the warm season was shorter or 
longer. 

In the present study, nearly 20% of 
dissected Sphaerium rhomboideum con- 
tained larval trematodes, and the average 
numbers of shelled larvae in the isolation- 
rotted samples may well be lower than 
those that would have been obtained from 
uninfected populations. Infected S. simile 
from Fleming Creek and Ore Creek and S. 
striatinum trom Ore Creek and Oxbow 
Lake were found, but the P, sample sizes 
were so small that a meaningful incidence 
of parasitism and average number of Е, 
could not be determined with confidence. 


Generic Validity of Musculium 


Sphaerium and Musculium possess like 
numbers of brood sacs, and lower numbers 
of F, рег sac (see Table 4) and Е, per 
adult indicates that most Sphaerium spp. 
generate far fewer Е, than do $. occi- 
dentale, Musculium lacustre, М. partu- 
meium, М. securis and М. transversum. 
Those 5 species also release newborn of 
comparatively smaller size, presumably as 
an adaptation to housing more F, in about 
the same or usually smaller marsupial 
volume than occurs in the other, larger 
species. In addition, the shelled larvae in 
those 5 species and 5. corneum are 
anchored by a byssal thread to a common 
stalk. | interpret this attachment as pre- 
venting precocious birth (i.e., abortion), at 
least until the F, can develop to such an 
extent that the newborn can survive to 
participate in the 1st fertilization period 
following birth; the extra-marsupial larvae 
of S. occidentale and the 4 species of 
Musculium lack morphologically mature 
gametes (present in the other known 
species of Sphaerium). Moreover, of those 5 
species, all but M. transversum often occur 
in ephemeral habitats, supporting the con- 
tention that instability of conditions will 


promote increased brood size. Stated 
another way, the smaller definitive brood 
sizes found in most Sphaerium may be 
associated with higher survivorship. Al- 
though Sphaerium spp. appear to have longer 
life spans than Musculium spp., they do not 
generate as many offspring in that period. 

Musculium is considered to be a valid 
genus because (1) proportionately more 
species can inhabit temporary ponds than 
can species of Sphaerium, (2) the extra- 
marsupial larvae of all known species lack 
eggs and sperm, which are found in the 
larvae in most species of Sphaerium, (3) all 
known species of this group show a higher 
fecundity, in terms of total numbers of 
young produced, than do most species of 
Sphaerium, (4) its species in general appear 
to have a shorter life cycle (30-70 days) 
than do Sphaerium spp. (4-8 months), (5) 
individuals of this group may have a 
shorter life span than do those of most 
species of Sphaerium, and (6) the 2 siphons 
in Musculium are fused together in their 
basal halves only, whereas those in Sphaerium 
are fused together for their entire length. 
Calyculated beaks comprised the sole charac- 
ter state employed in the establishment of 
the generic-group taxon Musculium Link 
(type: Tellina lacustris О.Е. Müller), but that 
feature is sometimes absent in some Mus- 
culium and sometimes present in some 
Sphaerium and Pisidium. 

Sphaerium corneum, in addition to S. 
occidentale, also occupies a comparatively 
intermediate position between the 2 genera, 
sharing a number of features of both 
groups (see Table 12). Various authors have 
traditionally placed these 2 species т 
Sphaerium, either because of their lack of 
calyculated beaks or because of the degree 
of siphon fusion. 

Sphaerium occidentale and species of 
Musculium are not necessarily more 
advanced phylogenetically than the other 
species of Sphaerium but they are special- 
ized in that they exhibit adaptations for 
life in a rigorous, ephemeral habitat which 
the other species have been unable to 
invade. 


Comparison with Pisidium 
Although exceptions exist, primitiveness 


in the bivalves may be characterized, in 
part, by the production of large numbers 
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TABLE 12. Comparison of Sphaerium corneum and $. occidentale with other Sphaerium and Musculium. 


Feature S. corneum 


S. occidentale 


Other 


Sphaerium Musculium 


Siphon fusion 
entire + 
partial 
Standing water 
permanent nr 
temporary 
Mature gametes in 
extra-marsupial larvae 5; 
Functional byssus 
in late larvae + 
No. of Fı per sac 
few + 
many 
Size of newborn 
small 
large + 


of eggs which are released to the aquatic 
medium where external fertilization occurs. 
A specialization involving the incubation of 
a reduced number of internally fertilized 
eggs might thus be considered compara- 
tively advanced. However, greater reduction 
in the number of F, incubated (i.e., a form 
of lowered fecundity) is not necessarily 
correlated with greater phylogenetic 
advancement within a genus or between 
confamilial genera. Nevertheless, com- 
parisons may be made between the known 
life histories in Sphaerium, Musculium and 
Pisidium, which latter genus is, in general, 
anatomically quite distinct from the other 
genera. 

The species of Sphaerium, Musculium 
and Pisidium  (Pisidium) comprise the 
relatively large-sized animals in the Sphae- 
riidae. They have comparatively large, 
outer, posterior demibranchs that exter- 
nally overlap the posterior margins of the 
still larger inner, anterior demibranchs. 
Within the genus Pisidium, evolution had 
led to (1) a reduction of shell and body 
size from the large Pisidium s.s. to Cyclo- 
calyx and Parapisidium and to the small 
Neopisidium, Odhneripisidium and Afro- 
pisidium, (2) a “longitidinal’”’ separation in 
all subgenera but Pisidium s.s. of the 
demibranchs of each ctenidium to exhibit 
truly anterior and posterior demibranchs 
which do not overlap, and (3) a significant 
reduction in the size of the posterior 
demibranchs in the subgenera Сус/оса/ух 
and Parapisidium, and their complete 
absence in the subgenera Neopisidium, 
Odhneripisidium and Afropisidium. 

The relatively small size of the anterior 


demibranchs in all Pisidium but those of 
the nominate subgenus has effected in them 
a concomitantly reduced marsupial volume 
in which the F, can develop. This reduc- 
tion in available space is associated with the 
production of very small-sized newborn 
(about 0.7 mm long in Cyclocalyx, fide 
Heard, 1965a), and perhaps also with the 
occurrence of just 1 brood sac per demi- 
branch at any time. All of the incubating 
young of a definitive brood are of the same 
size and state of development, comprising 1 
brood at a time in each animal, and the 
simultaneous incubation of several different 
broods has not been documented in this 
genus. A habit of simultaneously incubating 
overlapping “broods” in various states of 
development is particularly unnecessary in 
Cyclocalyx and Neopisidium because of the 
short 1-month incubation periods in their 
species (cf. Ladle & Baron, 1969; Meier- 
Brook, 1970). Although the duration of 
incubation is significantly longer in the 
anatomically more primitive species of 
Pisidium s.s., animals of that group also 
display incubation of only a single brood at 
a time (Heard, 1965a). 

Although Pisidium casertanum has also 
been recorded from temporary ponds 
(Herrington, 1962), most Pisidium and 
Sphaerium inhabit permanent lentic and 
lotic waters in contrast to S. occidentale 
and most Musculium (M. transversum pre- 
ferring large streams, fide Herrington, 
1962) in ephemeral habitats. One might 
therefore expect populations of Pisidium, 
and Sphaerium in perennial habitats to 
produce equivalent, small litters. 

Definitive brood size in Pisidium is 
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variable: increasing with advancing age up 
to about 20 F, per adult in Pisidium s.s. 
(P, length up to 9.5 mm), about 5-20 in P. 
(Cyclocalyx) (P, <5 mm) and about 6 т 
P. (Neopisidium) (Pı <3 mm) (all from 
Heard, 1965a). Although there are con- 
generic variations, in general the average 
number of all incubating Е, in Sphaerium 
is equivalent to that of the single broods in 
Pisidium. However, average numbers of 
specific ontogenetic stages in Sphaerium 
(e.g., of just embryos, of only fetal larvae, 
etc.) are smaller than those of the single 
broods in most species of Pisidium, which 
in turn are smaller than those in Musculium 
and Sphaerium occidentale from temporary 
ponds. 

It may be that in streams, where 
representatives of Pisidium and Sphaerium 
occur together, the larger animals of the 
latter might out-compete those of the 
former for food or space (i.e., be K-strate- 
gists). If so, Pisidium (r-strategists) would 
gain advantage by producing larger broods 
to counteract possibly lower survivorship. 
The same concept could apply to con- 
current occurrences of Pisidium and Sphae- 
rium in the littoral zone of lakes. Only 
Pisidium range into the profundal zone, 
comprising a characteristic component of 
the benthic fauna of that zone. 

It is difficult at this time to recognize 
the phylogenetic relations within the 
Sphaeriidae because anatomies, life histories 
and fossil records are still poorly known in 
several groups. Furthermore, sphaeriids 
have adapted to a variety of freshwater 
habitats through different combinations of 
such aspects of life history as brood size, 
numbers of broods produced and life span. 
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ORIGINE ET STRUCTURE DE L’EBAUCHE DE LA GONADE 
CHEZ LES GASTÉROPODES PULMONÉS BASOMMATOPHORES 


Paul Brisson et Jean Regondaud 


Laboratoire de Zoologie et Biologie cellulaire et 
de Microscopie electronique appliquee a la Biologie, 
Universite de Poitiers, France 


RESUMÉ 


Chez les Gastéropodes Pulmonés Basommatophores, a des stades precoces (trocho- 
phore, veligere), l'ébauche de la gonade, d'origine mesodermique, apparait trés généralement 
constituée par 2 grosses cellules (4 chez Acroloxus) accompagnées de cellules périphériques 
plus petites. L’ébauche de la voie femelle et de la majeure partie de la voie male, se forme à 
partir d'une prolifération cellulaire de la paroi ectodermique ventrale située vis-à-vis du massif 
gonadique. 

En microscopie electronique, les volumineuses cellules de l'ébauche de la gonade, au 
repos cinétique jusqu'apres l'éclosion, presentent un noyau lobulé à chromatine finement 
dispersée et un cytoplasme pourvu de nombreuses mitochondries; le réticulum endoplasmique 
est peu développé. Les cellules périphériques, à rapport nucléo-cytoplasmique élevé, sont 
caractérisées par leur noyau à larges plages de chromatine et leur cytoplasme riche en 
réserves glycogéniques. Chez Acroloxus, l'évolution de |’ébauche gonadique aboutit chez le 


jeune, à 2 types cellulaires distincts: 


—des cellules centrales, issues des volumineuses initiales qui se sont multipliées tout en 
conservant leurs particularités et qui constituent la véritable lignée germinale, 
—des cellules périphériques chargées de réserves, qui envoient des prolongements 


cytoplasmiques entre les cellules précédentes et qui donnent la lignée des cellules 
nourricières. 
INTRODUCTION marginata. Guyard (1970) et Luchtel 


L'étude du développement de l'appareil 
reproducteur chez les Mollusques Gastero- 
podes Pulmones a fait l’objet de nombreux 
travaux en vue de mieux repondre à 3 
questions fondamentales, posées notam- 
ment par Martoja (1964), Franc (1968), 
Luchtel (1972), concernant la formation et 
l'évolution de la gonade: 

—Quelle est l'origine des 
parties de l'appareil génital? 

—Quelle est l’origine de la lignée germi- 
nale et des elements nourriciers? 

—Comment s'effectue la sexualisation 
des gonies? 

Dans ce travail, seuls les 2 premiers points 
seront abordes chez les Pulmonés Basom- 
matophores. 

Chez les Stylommatophores, l'ontoge- 
nese de l'ébauche gonadique a été etudiee 
plus particulièrement par: Ancel (1902) 
chez Helix pomatia, Laviolette (1954) chez 
Arion rufus, Ghose (1963) chez Achatina 
fulica, Brisson (1968) chez Archachatina 


differentes 


(1972) respectivement chez Helix aspersa et 
chez 2 Arionides et un Limacide, decrivent 
les aspects ultrastructuraux de la gonade, 
apres eclosion. 

Chez les Basommatophores, parmi les 
nombreux auteurs qui se sont interesses a 
cette question, nous citerons Fraser (1946) 
qui observe chez Lymnaea a des stades 
precoces, une invagination ectodermique 
formee en direction d’un amas cellulaire 
mesodermique, ebauche de la gonade et 
Arni (1973) qui decrit la topographie gene- 
ral de l'appareil genital a l’eclosion, chez 9 
especes. 

L'étude ontogenetique de l'ébauche geni- 
tale, que nous avons entreprise sur des 
Basommatophores, apporte des precisions 
sur l’origine de la gonade et sur son 
evolution. 


MATERIEL ET TECHNIQUES 


Les observations ont porte sur diverses 
familles de Basommatophores, appartenant 
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а la faune régionale et sur quelques especes 
exotiques en elevage au laboratoire: 

—Lymnaeidae: Lymnaea stagnalis (L.); 
Physidae: Physa acuta (Drap.); Planorbidae: 
Biomphalaria (Tropicorbis) straminaea 
Dunker;  Bulinidae: Bulinus truncatus 
(Audouin), Bulinus globosus (Morelet); 
Acroloxidae: Acroloxus lacustris (L.); 
Ancylidae: Ancylus fluviatilis Muller. 

Pour les observations en microscopie 
photonique, les embryons des differentes 
especes sont extraits de leur capsule, puis 
fixés dans le liquide de Kahle; apres inclu- 
sion agar-paraffine permettant l’orientation, 
les coupes seriees ont été colorees а l'azan 
ou à l'hématoxyline ferrique. 

Pour la microscopie electronique, les 
embryons et les jeunes ont ete fixes soit au 
glutaraldehyde a 1% dans le tampon Mil- 
lonig (pH 7,4) puis post-fixés au tetroxyde 
d'osmium a 2% dans le méme tampon, soit 
fixés seulement au tétroxyde d’osmium a 
2% dans le tampon Millonig. Apres deshy- 
dratation, les embryons ou les jeunes sont 
orientés sous la loupe binoculaire, au 
moment de l'inclusion dans l'araldite; le 
reperage de l’ebauche gonadique s'effectue 
sur coupes semi-fines confectionnees а 
‘ultramicrotome ОМ U2 Reichert et 
colorees au bleu de toluidine. Les coupes 
ultra-fines, apres avoir ete traitees a l'ace- 
tate d’uranyle alcoolique et contrastees au 
citrate de plomb, sont observees au micros- 
cope Hitachi Hu 11 CS. 


OBSERVATIONS 


1. Localisation et structure de l'ébauche 
genitale 


Chez les differentes especes citees pre- 
cedemment, malgre de legeres variations, 
nous avons constate, en microscopie photo- 
nique, une homogeneite de structure de 
l'ébauche gonadique qui а été observee а 
des stades pretorsionnels equivalant au 
stade trochophore ou veligere des formes a 
developpement libre (Brisson & Regondaud, 
1971). Cette ebauche est situee ventrale- 
ment, а droite pour les formes dextres, ета 
gauche pour les formes senestres. Les 
cellules qui la constituent sont localisees en 
avant de l'intestin terminal court (encore 
obture a ces stades par les cellules anales) 
et en arriere de l'ébauche ganglionnaire 
abdominale qui s'edifie a partir de l'ecto- 


derme. 

Au stade jeune trochophore, chez 
Acroloxus (Fig. 1 et 5), l’ebauche gonadi- 
que, accolee a l'intestin terminal, est rep- 
resentee par 4 grosses cellules (20 ит de 
diametre environ) pourvues d’un noyau 
vesiculeux a grains de chromatine disperses; 
quelques cellules plus petites les accom- 
pagnent. Cet ensemble baigne dans une 
vaste lacune hemocoelienne. Chez Lymnaea 
(Fig. 2 et 3), a un stade trochophore äge 
(stade Ill defini par Regondaud, 1964) 
l'ébauche gonadique, située au voisinage de 
l'intestin, est constituee par 2 cellules 
seulement (de 13 um de diametre environ), 
a noyau pourvu d’un gros nucleole et par 
quelques petites cellules accompagnatrices. 
En arriere de cette ebauche apparaît le 
debut de l'invagination pulmonaire. Chez 
les autres espèces nous retrouvons une dis- 
position comparable à celle décrite chez 
Lymnaea (Fig. 4, 6 et 7). 

A un stade plus avance, vis-a-vis du 
massif representant l'ébauche gonadique, se 
forme une proliferation celiulaire de la 
paroi ectodermique ventrale. Cette forma- 
tion qui se creuse secondairement, vient 
s'appliquer contre le massif gonadique dont 
les elements se multiplient et ne presentent 
plus, en microscopie photonique, leurs 
caracteres particuliers et originaux. 

Apres l'apparition du complexe penial a 
partir d’une invagination ectodermique 
localisee en arriere du tentacule droit ou 
gauche (selon que l'espece est dextre ou 
senestre), l’évolution postembryonnaire de 
la gonade conduit a la differenciation des 
lignees mäle et femelle qui peuvent ap- 
paraître simultanement comme, par ex- 
emple, chez Bulinus (Larambergue, 1939). 


2. Types cellulaires de l’ebauche gonadique 


Les observations en microscopie electro- 
nique ont permis, sur des embryons de 
Lymnaea stagnalis et d’Acroloxus, de pre- 
ciser la cytologie des grosses cellules cen- 
trales d’une part et des cellules periphe- 
riques plus petites d’autre part. 

Chez Lymnaea (Fig. 8), au stade trocho- 
phore ägee, les 2 grosses cellules centrales 
montrent un noyau regulier a enveloppe 
pourvue de nombreux pores et a chroma- 
tine finement dispersee au sein du nucleo- 
plasme; le nucleole volumineux, heterogene, 
presente nettement une zone centrale fibril- 
laire et une zone peripherique granulaire. 
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Le cytoplasme contient des mitochondries 
spheriques ou peu allongees, localisées 
essentiellement a un póle; des dictyosomes 
en nombre reduit, de petites vesicules 
claires et des ribosomes parfois groupes en 
polysomes sont uniformement repartis. Ces 
cellules montrent des structures plus par- 
ticulieres: gouttelettes lipidiques et 
granules В de Тит environ, arrondis ou 
legerement ovoides. Ces derniers sont des 
reliquats des enclaves ovulaires non homo- 
genes; ils contiennent des formations cris- 
talloıdes, constituees de particules protei- 
ques decrites chez Lymnaea par Elbers 
(1957), Favard & Carasso (1957), Raven 
(1961) et Bluemink (1967). La degrada- 
tion de ces granules vitellins aboutit а 
des elements a contours irreguliers conte- 
nant de nombreuses formations membra- 
naires myelinoides. 

Chez Acroloxus, les premieres observa- 
tions sur des jeunes a l'eclosion (Brisson, 
1973), avaient montre 4 cellules de grande 
taille, circonscrites par des cellules envelop- 
pantes nettement plus petites. Chez des 
embryons plus jeunes de 300 a 400 um de 
long et même après l'éclosion chez des 
jeunes de 600 a 800 um, on retrouve tou- 
jours ces 4 cellules principales (Fig. 9) qui 
different par quelques caracteres cyto- 
logiques de celles de Lymnaea: le noyau est 
particulièrement lobe avec de profondes 
indentations et les pores nucléaires tres 
nombreux sont soulignes, a leur périphérie, 
par une marge plus opaque aux electrons 
(Fig. 10). Le nucléole, volumineux, excen- 
trique, présente une couche granulaire peri- 
phérique d'où rayonnent des trainees 
denses aux electrons. Les parois cellulaires 
sont tres sinueuses dans les zones de 
contact. Les mitochondries a crétes parfois 
longitudinales, peuvent presenter dans leur 
matrice une ou plusieurs inclusions de 400 
а 600А. Les autres constituants cyto- 
plasmiques ne montrent pas de difference 
notable d'avec ceux de Lymnaea. On peut 
toutefois signaler les mombreuses petites 
vesicules sur la face de maturation des 
dictyosomes. 


Chez Lymnaea (Fig. 8) les 2 grosses 
cellules sont accompagnees de cellules plus 
ou moins allongees (6 a 7 um) qui forment 
une enveloppe discontinue. Leur noyau 
ovoide presente des plages denses de chro- 
matine et leur cytoplasme peu abondant 
contient frequemment des granules vitellins. 
La paroi ectodermique, en proliferation, 
envoie un pedoncule plein qui s'allongeant, 
repousse l’amas cellulaire precedemment 
decrit qui reste, cependant, au contact des 
cellules a ‘‘albumine’’ du mesenteron. Ce 
pedoncule represente l'ebauche de la voie 
femelle et de la partie proximale de la voie 
mále (Brisson & Besse, 1975). 

Chez Acroloxus, les 4 grandes cellules 
sont entourees par des cellules allongees 
(25 um environ) qui se distinguent nette- 
ment des elements centraux par leur noyau 
etire a contour regulier. Les plages denses 
de chromatine sont reparties au sein du 
nucleoplasme et parfois accolees а la paroi 
nucleaire. Le cytoplasme, pauvre en reticu- 
lum endoplasmique, contient des reserves 
lipidiques et de glycogene localisees es- 
sentiellement aux extremites cellulaires. 


3. Evolution de la gonade apres l'eclosion 


L'évolution de l'ébauche gonadique a ete 
suivie chez des jeunes Acroloxus a partir de 
l'éclosion jusqu'à une taille de 1800 um 
environ. En effet, chez ce patelliforme, peu 
affecte par la torsion, le reperage de la 
gonade pour l'etude ultrastructurale, est 
moins delicat que chez Lymnaea. Chez un 
individu de 1100 um environ (Fig. 11), en 
coupe parasagittale, la gonade se presente 
sous forme d'un massif ovoide de 
50 um X 10 um, constitue de cellules cen- 
trales a noyau lobule et a chromatine fine- 
ment dispersee. Le cytoplasme contient des 
mitochondries a crétes peu nombreuses, de 
petites vesicules, quelques saccules ergasto- 
plasmiques et peu de granules vitellins. Les 
cellules enveloppantes, a rapport nucleo- 
cytoplasmique eleve, groupees plus par- 
ticulierement au contact du pedicule ecto- 
dermique, presentent un noyau cuneiforme 


Ш 


FIG. 3. Lymnaea stagnalis; FIG. 4. Physa acuta; FIG. 5. Acroloxus lacustris; FIG. 6. Ancylus fluviatilis; 
FIG. 7. Bulinus truncatus. Coupes parasagittales (3, 4, 6, 7) et coupe frontale (5) de tres jeunes embryons, 


montrant la position des initiales germinales. 


FIG. 8. Embryon âgé de Lymnaea stagnalis: ébauche gonadique située à l'extrémité du pedicule 
ectodermique provenant de la prolifération des cellules de la paroi ventrale. 
CG, cellule germinale; CP, cellule peripherique; Ec, ectoderme; GV, granule vitellin; In, intestin; P, 


pedicule ectodermique. 
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a nombreuses plages denses de chromatine. 
On observe egalement d'importantes 
reserves glycogeniques (particules a) dans le 
cytoplasme. Le tractus genital est constitue 
par un cordon de cellules tres allongees qui 
contrastent avec cellules du mesenteron, 
dorsales; ces dernieres presentent un reticu- 
lum endoplasmique granulaire tres de- 
veloppe. Une lame de tissu conjonctif riche 
en fibres de collagene separe le massif 
gonadique des cellules epitheliales aplaties 
de l'ectoderme ventral. Chez un embryon 
de 1800 um (Fig. 12), les cellules centrales 
du massif gonadique tres etire (90 um de 
long) se sont multipliees et presentent un 
noyau a contours toujours irreguliers mais 
plus allonge. Les cellules peripheriques, tres 
riches en reserves glycogeniques et gout- 
telettes lipidiques, envoient des lames cyto- 
plasmiques qui s’insinuent entre les grosses 
cellules centrales. A ce stade, la gonade, 
limitee par une mince lame de tissu con- 
jonctif, presente donc deux types cellulaires 
encore nettement distincts. 


DISCUSSION 


L'origine de la gonade chez les Gastero- 
podes Pulmones est controversee: 

—Pour les partisans de la theorie uniciste 
tels Laviolette (1954) et Luchtel (1972) 
(chez les Stylommatophores), la gonade 
serait de même origine que le tractus, 
c'est-a-dire ectodermique. 

—Pour les partisans de la theorie dualiste 
tel Fraser (1946) (chez les Basommato- 
phores) elle serait d’origine mesodermique, 
le tractus etant toujours ectodermique. 

Chez les embryons des Basommato- 
phores etudies dans ce travail, on rencontre 
une similitude de structure de l’ébauche 
gonadique aux stades consideres: 2 volumi- 
neuses cellules (exceptionnellement 4 chez 
Acroloxus) accompagnees de cellules en- 
veloppantes. Le massif ainsi constitue 
avoisine celui, mesodermique, qui est а 
l'origine du complexe reno-pericardique. 
Vis-a-vis de l’ebauche gonadique, à partir de 
la paroi ectodermique, se forme, par pro- 
liferation cellulaire, le pedicule qui est a 


l'origine de la majeure partie du tractus 
genital. Cette disposition est en accord avec 
les observations de Fraser (1946) chez 
Lymnaea stagnalis et de Tardy (1970) chez 
les Nudibranches. De méme, Larambergue 
(1949) signalait deja chez le Prosobranche 
Calyptraea sinensis, a l’eclosion, “la 
presence de deux gonocytes primordiaux 
indifferents, souche des cellules germi- 
nales.” 

Nous fondant sur nos observations et 
comme l'avait pressenti Eisig (1869) chez 
Lymnaea, 3 ebauches distinctes collaborent, 
chez les Basommatophores, a l'édification 
de l'appareil génital: 

—Une premiere ebauche mesodermique, 
identifiable avant toute proliferation ecto- 
dermique de la paroi ventrale du corps, 
constituee par 2 ou 4 initiales germinales 
accompagnees de quelques cellules plus 
petites, est а l’origine de la gonade et d'une 
partie plus ou moins importante du canal 
hermaphrodite. En effet, les resultats 
obtenus apres castration effectuee chez 
quelques Basommatophores (Brisson, 1971) 
permettent d’etayer ce point de vue: lors 
des operations realisees chez Bulinus, la 
regeneration d'une gonade fonctionnelle a 
ete observée apres section d'un tronçon du 
canal hermaphrodite compris entre la vesi- 
cule seminale et l'atrium gonadique. On 
peut donc considerer que ce troncon qui 
conserve des potentialites germinales aurait 
la méme origine que la gonade. Chez les 
Planorbidae, l'ablation inevitable de la tota- 
lite de ce troncon, tres court, interdit toute 
regeneration. 

—Les 2 autres ebauches, de nature ecto- 
dermique, sont а l'origine de la totalité des 
voies génitales: le complexe penial se con- 
stituant a partir d'une invagination ecto- 
dermique situee en arriere du tentacule 
droit ou gauche, la voie femelle et la partie 
proximale de la voie mäle se formant a 
partir du pedicule ectodermique provenant 
d’une proliferation de la paroi ventrale au 
contact des initiales gonadiques. Chez les 
Basommatophores, une segregation precoce 
du tissu a potentialite germinale s’effectue 
donc avant toute ebauche du tractus geni- 
tal. 


FIG.9. Embryon äge d’Acroloxus lacustris: massif constitué par les 4 initiales germinales et les cellules 


peripheriques. 


FIG. 10. Coupe tangentielle de l'enveloppe nucléaire d'une cellule germinale montrant des pores nucléaires 


nombreux (fléches). 


CG, cellule germinale; CM, cellule du mésenteron; CP, cellule périphérique; Ec, ectoderme; Gl, glycogene; 


GV, granule vitellin. 
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FIG. 11. Massif gonadique d'un jeune Acro/oxus (1100 um de long) montrant les 2 types cellulaires. 


FIG. 12. Detail de cellules germinales et périphériques (jeune de 1800 um de long). L 
CG, cellule germinale; CM, cellule du mesenteron; CP, cellule périphérique: E, réticulum endoplasmique 


granulaire; Gl, glycogène; M, mitochondrie; V, vésicule. 
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L’etude ultrastructurale, effectuee sur 2 
especes, permet d’observer une similitude 
cytologique des ebauches gonadiques. Chez 
les embryons, les grosses cellules centrales 
(initiales germinales) ont les mémes carac- 
teristiques:—un noyau volumineux pourvu 
d'un gros nucléole a caractere embryon- 
naire (zone centrale fibrillaire, zone peri- 
pherique granulaire tres developpee). La 
chromatine finement dispersee traduit une 
despiralisation des chromosomes, ce qui 
peut correspondre a une cellule au repos 
cinetique. Les lobulations de l'enveloppe 
nucleaire ainsi que les nombreux pores 
qu'elle presente, indiquent des possibilites 
d’echanges importants nucleo-cytoplas- 
miques:—un cytoplasme avec petites vesi- 
cules claires et mitochondries nombreuses, 
des dictyosomes rares, quelques granules 
vitellins et des gouttelettes lipidiques. Chez 
Acroloxus, jusqu'a l'éclosion et même 
quelque temps apres celle-ci, ces grosses 
cellules ne se divisent pas. Certains auteurs 
(in Gipouloux, 1975) a propos d’autres 
groupes animaux, considerent que le blo- 
cage des capacites mitotiques des initiales 
germinales se situe au niveau nucleaire. Cet 
arrét caracteristique des mitoses pendant 
une certaine periode aurait pour conse- 
quence ‘‘d’empécher la perte ou tout au 
moins la mise hors de service d'une partie 
de l'information genetique”” (Gipouloux, 
1975). On peut egalement se demander si 
ces cellules пе sont pas porteuses d'un 
plasme germinal qui leur confererait la 
qualite d'initiales germinales. Ce plasme qui 
reste a localiser dans l'oeuf pourrait, au 
cours de la segmentation, echoir a 1 ou 2 
cellules comme cela se produit chez 
d’autres invertebres. Les cellules periphe- 
riques, а rapport nucleo-cytoplasmique 
élevé, se multiplient et finissent, a l’eclo- 
sion, par envelopper les grosses cellules 
centrales, les isolant ainsi des lacunes hemo- 
coeliennes. 

Quel est le devenir de ces 2 types cellul- 
aires? Chez Acroloxus ou leur evolution a 
ete suivie nous avons observe une augmen- 
tation du nombre des cellules centrales qui 
montrent des modifications cytologiques 
concomitantes (resorption des granules В 
vitellins, atténuation des lobulations nucle- 
aires, diminution de taille du nucleole dont 
la dualité structurale devient moins ap- 
parente). Ces cellules peuvent être con- 
siderees comme des elements initiaux de la 
veritable lignee germinale. Les elements 


peripheriques, charges de reserves, conser- 
vent dans la gonade une disposition parie- 
tale et representent vraisemblablement la 
souche des elements nourriciers. 

Comment s’effectue la differenciation 
des cellules germinales? De nombreuses 
hypotheses ont ete avancées. Luchtel 
(1972) rappelle les mecanismes proposes 
par divers auteurs dont les plus recents 
travaux font intervenir des facteurs hormo- 
naux. Cet auteur chez Arion circumscrip- 
tus, Arion ater et Deroceras reticulatum 
considere que la population de cellules 
germinales est soumise a une segregation 
provoquee par des travees de cellules auxili- 
aires qui sont a l’origine des cellules fol- 
liculeuses et de Sertoli: un groupe cortical, 
donnerait la lignee femelle, un groupe 
medullaire la lignee mäle. 

Méme si nos observations ne nous per- 
mettent pas, encore de preciser la nature 
des facteurs responsables du devenir de ces 
deux types cellulaires, on peut cependant 
supposer que les cellules peripheriques 
riches en réserves et qui insinuent leurs 
prolongements cytoplasmiques entre les 
cellules centrales auraient un röle determi- 
nant sur l'orientation des initiales germi- 
nales. Des facteurs humoraux interviennent 
probablement dans le contröle des diffe- 
rentes etapes du developpement et de la 
differenciation sexuelle de la gonade des 
Basommatophores chez lesquels, la segrega- 
tion precoce du tissu a potentialite germi- 
nale, rappellerait ce que l'on trouve chez de 
nombreux autres groupes animaux. 
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SUMMARY 


ORIGIN AND STRUCTURE OF THE PRESUMPTIVE GONAD 
IN BASOMMATOPHORAN PULMONATE GASTROPODS 


Paul Brisson and Jean Régondaud 


In basommatophoran pulmonate gastropods, in the early stages (trochophore, veliger) 
the presumptive gonad, of mesodermic origin, seems to be generally made up of 2 voluminous 
cells (4 cells in Acroloxus) accompanied by smaller peripheral ones. The presumptive female 
tract and the major part of the male tract originate from proliferation of cells of the 
ventral ectodermic wall located in front of the gonad. Ultrastructural studies show that the 
voluminous cells of the presumptive gonad, from kinetic rest to hatching, present a lobular 
nucleus with finely scattered chromatin and a cytoplasm rich in mitochondria; the 
endoplasmic reticulum is poorly developed. The peripheral cells, with a high nucleus 
cytoplasm ratio, are characterized by a nucleus with extensive areas of chromatin and a 
cytoplasm rich in glycogen. In Acroloxus development of the gonad leads to 2 distinct 


cellular types: 


—central cells, derived by division from voluminous cells while maintaining their 
characteristic features, which constitute the real germinal line, and 
—peripheral cells, reserve-rich, with cytoplasmic extensions between the central cells, 


which constitue the nutritive cell line. 


As 
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DIE GATTUNG DOTO (GASTROPODA: NUDIBRANCHIA) IM 
MITTELMEER UND ARMELKANAL, MIT BESCHREIBUNG 
VON DOTO ACUTA, N. SP.! 


Е. Schmekel2 und A. Kress? 
ZUSAMMENFASSUNG 


Es werden 8 Doto-Arten des Mittelmeeres und Armelkanals ausführlich dargestellt, 
darunter eine Neu-Beschreibung D. acuta п. sp. Vier von dieser Arten, D. coronata (Gmelin, 
1791), D. cuspidata Alder & Hancock, 1862, D. fragilis (Forbes, 1838) und D. pinnatifida 
(Montagu, 1804) kommen in der Region von Plymouth vor. Sechs Arten finden sich 
regelmássig im Golf von Neapel: D. acuta, D. coronata, D. floridicola Simroth, 1888, D. 
paulinae Trinchese, 1881, und D. rosea Trinchese, 1881. Fur D. doerga Marcus, 1963, eine 
amerikanische Art, die auch aber regelmássig im Golf von Neapel vorkommt, verweisen wir auf 
die Arbeit Schmekel (1968a). D. coronata ist sowohl in Neapel wie in Plymouth die háufigste 
Art, zugleich die einzige der untersuchten Arten, die an beiden Orten vorkommt. 

Die Einzeldarstellungen enthalten neben morphologischen und anatomischen Angaben 
Befunde zur Okologie und Fortpflanzungsbiologie der Arten. In einer Synopsis werden die 
charakteristischen äusseren Merkmale der lebenden Tiere zusammengestellt. 

Doto acuta, n.sp. gleicht äusserlich in etwa D. pinnatifida, von der sie sich durch eine 
schwarze Zeichnung auf der medianen Kolbenbasis und auf den Rhinophoren unterscheidet. 
Sie hat spitze Kolbentuberkel mit schwarzem Endfleck. Das vordere Genitalsystem von D. 
acuta wird dadurch charakterisiert, dass das Vas deferens nicht am proximalen Ende, sondern 
distal, seitlich in die Prostata eintritt. Die Entwicklung verläuft mit sehr kurzer oder ohne 


freischwimmende Veligerphase. 


EINLEITUNG 


Die Gattung Doto ist im Litoral der 
Europäischen Meere weit verbreitet. So ein- 
fach die Einordnung einer Schnecke in die 
Gattung Doto ist, so schwierig ist im allge- 
meinen die Spezies-Bestimmung, denn es 
gibt nur wenige Nudibranchier Gattungen 
deren Arten so schwer bestimmbar sind wie 
die des Genus Doto. Die meisten Doto- 
Arten sind einander ausserlich sehr ahnlich 
und haben eine fast gleiche Radula, zeigen 
aber innerhalb einer Art eine erhebliche 
Gestalt- und Mustervariabilitat. Es ist bis 
heute eine Fülle von Arten beschrieben 
worden, über deren Synonymie weitgehend 
Unklarheit herrscht. In vielen Fallen ist die 
Synonymie nicht mehr aufzuklaren, weil 
die frühen kurzen Beschreibungen zu un- 
vollständig zur eindeutigen Identifikation 
sind, Typenmaterial aber nicht vorhanden 
ist. Insbesondere fehlen bei den haufig nur 
4-6 mm langen Arten Angaben zum Bau 
des die Arten, z. T. wenigstens, unter- 
scheidenden Genitalsitus. 

Seit Mitte des vorigen Jahrhunderts wer- 
den Tiere des Mittelmeeres nach Beschrei- 


bungen atlantischer Spezies bestimmt und 
umgekehrt. Das ist weitgehend berechtigt, 
führte für manche Doto-Art des Mittel- 
meeres aber zu Scheinbestimmungen (vgl. z. 
B. Doto pinnatifida und D. acuta, n. sp.). 
Die folgende Studie entstand auf Grund 
mehrjähriger unabhängiger Arbeiten in 
Plymouth (Kress seit 1964) und Neapel 
(Schmekel seit 1963) und einer gemeinsa- 
men Präparation des Materials. Die Arbeit 
unternimmt den Versuch, einige der haufig- 
sten Arten an beiden Orten einzuordnen, 
miteinander zu vergleichen und die ausseren 
Artcharakteristika der lebenden Tiere 
möglichst scharf herauszuarbeiten. Die Stu- 
die berücksichtigt nur Arten, die uns sicher 
erschienen. D. doerga Marcus, 1963, eine 
Art, die auf treibendem Sargassum des 
Karibischen Meeres lebt, wurde 1968 auch 
auf Sargassum des Mittelmeeres gefunden 
und ausführlich beschrieben (Schmekel, 
19682). Diese Art wird deshalb hier nicht 
noch einmal dargestellt. Die Darstellung der 
Arten erfolgt in alphabetischer Reihenfolge. 

Diese Studie ist in nomenklatorischer 
Hinsicht in manchem vorläufig. So sind 
unsere Synonymie- und Verbreitungslisten 
unbefriedigend, weil uns z. T. nicht mög- 
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lich gewesen ist, zwischen Fehlbestimmun- 
gen und echter Synonymie zu unter- 
scheiden. Wir freuen uns aber in diesem 
Zusammenhang darauf hinweisen zu dürfen, 
dass H. Lemche eine ausführliche nomen- 
klatorische Bearbeitung des Genus Doto— 
mit der Beschreibung mehrerer neuer 
Arten—vorbereitet.4 

Angaben zu Fangmethoden in Plymouth 
finden sich bei Kress (1968), zu Fang- 
methoden in Neapel, sowie zur Geographie 
und Okologie des Golfes von Neapel bei 
Schmekel (1968b). 


Familie DOTIDAE 
(Korrektur von Dotonidae) 
J. Е: Gray, 1853 
(ICZN Opinion 697) 


Dendronotoidea mit deutlichem Velum, 
laterodorsalem After und meist einreihiger 
Radula. Notumrand nicht abgesetzt. Jeder- 
seits eine einfache Ceratareihe. Die Cerata 
haben Kolbenform, tragen kleine Tuberkel 
und enthalten Mitteldarmdrusenfortsatze, 
aber keine Nesselsacke. Rhinophoren ein- 
fach, glatt, stabformig, in hohe Scheide 
zurückziehbar (Abb. 1). 


Genus Doto Oken, 1815 


Cerata stets mit Tuberkeln besetzt. 
Radula einreihig. Der Zahn ist U-förmig, hat 
einen prominenten Mitteldentikel und meist 
wenige, auf asymmetrische Weise angeord- 
nete Seitendentikel. Kiefer im allgemeinen 
hauchdünn (zur Systematik vgl. vor allem 
Odhner, 1936; Lemche, 1962, 1964; Litera- 
turangaben zu den zahlreichen Neubeschrei- 
bungen, vor allem von Baba und Marcus & 
Marcus finden sich bei Schmekel, 1968a). 


Doto acuta Schmekel & Kress, n. sp. 
Abb. 2, 3, 22d, Neapel 


Gefangen wurden 23 Exemplare von 2-7 
mm Körperlänge. D. acuta kommt von der 
Oberfläche bis 15 m Tiefe vor. Die Art ist 
ganzjahrig anzutreffen, doch wurden mehr 
als die Hälfte aller Tiere im September und 
Oktober gefangen. Funde waren an der 
gesamten Nordküste des Golfes von Capo 
Miseno bis in das schmutzige Wasser der 
Häfen zu verzeichnen. D. acuta frisst Obelia 


A RH 
М: 
Е =: 
В 
— ST 


ABB. 1. Skizze einiger für die Bestimmung wichti- 
ger äusserer Merkmale: 

A. Rhinophoren (RH) mit wechselnd weiter Rhi- 
nophorenscheide (RH-S) und glattem oder де- 
lapptem Rhinophorenscheidenrand (RH-R). 

В. Stirnsegel (ST) = Velum, von dem evt. eine 
Cresta zu den Rhinophorenscheiden zieht. 

C. Die Rückenkolben = Cerata tragen charakter- 
istisch angeordnete Tuberkel (T) und haben eine 
oft artcharakteristisch geformte und gefärbte 
Kolbenbasis (B). 

D. Pseudobranchien (PS) ersetzen bei einigen 
Arten an der Kolbeninnenseite die Tuberkel. 


4While this paper was in press the following was published: LEMCHE, H., 1976, New British species of 
Doto Oken, 1815 (Mollusca: Opisthobranchia). Journal of the Marine Biological Association of the 


United Kingdom, 56: 691-706, 3 pls. ED. 
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ABB. 2. Doto acuta, n. sp. (Neapel). 


ABB.3. Doto acuta, n. sp., Vorderer Genitalkomplex: Am Ampulle, D. ej. Ductus ejaculatorius, E.dr 
Eiweissdrúse, M.dr. Mucusdrúse, Ov Ovidukt, Pr Prostata, Ps Penisscheide, Rec Receptaculum, V.d Vas 


deferens, Zw Zwittergang. 
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geniculata. Beschreibung nach einer 
Schnecke von gestreckt 3 mm Körperlange 
vom 5. XI. 1969 auf Obelia, aus Mergel- 
lina: 

Der Körper hat vom Kopf bis zum 
vorletzten Kolbenpaar eine Breite von 0,5 
mm. Der kolbenfreie Schwanz ist 0,5 mm 
lang. Das Pericard liegt am Ende des 1. 
Körperdrittels, vor der 2. Kolbenreihe. Die 
maximale Höhe des Körpers in der Peri- 
cardregion beträgt 0,5 mm. Das abgerun- 
dete Velum ist schwach ausgebildet. Es ist 
maximal so breit wie der Kopf im Rhino- 
phorenbereich und seitlich kaum ausgezo- 
gen. Wenn der Kopf weit vorgestreckt wird, 
kann man 2 niedrige crestaartige Erhebun- 
gen zwischen Velum und Rhinophoren- 
scheiden beobachten. Der Fuss ist nicht 
breiter als der Körper, vorne ganzrandig 
und besitzt abgerundete Ecken. Der 
Schwanz ist leicht zugespitzt. Die Rhino- 
phoren messen beim ruhig sitzenden, fres- 
senden Tier zusammen mit der Rhinophor- 
enscheide 0,5 mm, wobei die Höhe der 
Rhinophorenscheide 0,2 mm beträgt. Die 
Rhinophoren können bis auf fast 1 mm 
Lange ausgestreckt werden. Sie sind 
einfach, stabformig und haben einen Durch- 
messer von etwa 0,1 mm; apikal wirken sie 
scharf abgeschnitten. Die Rhinophoren- 
scheide liegt den Rhinophoren basal dicht 
an und steht oben nur wenig trichterförmig 
ab. Ihr Rand ist glatt und vorne aussen am 
höchsten. 

Das Notum tragt jederseits 4 Kolben 
(bei Tieren von 4 mm Körperlänge jeder- 
seits 6), die einander und die Rhinophoren 
beim ausgestreckten Tier nicht berühren. 
Gestreckt und hochgerichtet sind der 1. 
und 3. Kolben von vorne 1,2 mm hoch, der 
2. 1,4 mm und der letzte 1 mm hoch. Die 
Kolben sind ausgestreckt schlank ellipsoid, 
wenn zusammengezogen kugelig. Beim grös- 
sten Kolben besteht die oberste Querreihe 
aus 5 Tuberkeln. Wie die oberste, so tragen 
auch die beiden nächsten Querreihen rund- 
herum Tuberkel. Eine Anordnung in Quer- 
reihen lasst sich also beobachten, doch ist 
sie nicht streng, sondern die Reihen verlau- 
fen gewellt und oft unregelmässig. Tuber- 
kellangsreihen sind nur schwer auszu- 
machen. Beim grössten Kolben zahlt man 
vertikal aussen maximal 5 Tuberkel. Die 
Tuberkelbasen berühren einander nur am 
extrem kontrahierten Kolben. Beim aufge- 
blasenen und gestreckten Kolben ist der 
Tuberkelabstand etwa gleich dem Basis- 


durchmesser der Tuberkel, d. h. sie stehen 
sehr locker. Der Endtuberkel ist nur wenig 
grösser als die Seitentuberkel. Die Tuberkel- 
form variiert wie die Kolbenform enorm: 
Beim ‘‘aufgeblasenen’’ oder gestreckten 
Kolben sind die Tuberkel nur spitzige 
kleine Papillen. Beim kontrahierten Kolben 
sind es grosse spitzkegelformige Tuberkel. 
Abb. 2 zeigt eine fressende Schnecke mit 
mittlerer Tuberkelform. In alle Tuberkel 
reicht ein kurzer Mitteldarmdrüsenfortsatz, 
auf dem einige weisse Drüsenzellen liegen, 
über denen sich ein schwarzer Punkt findet. 
Diesen schwarzen Endpunkt haben alle 
Tuberkel aller Kolben, also stets auch der 
apikale. Pseudobranchien fehlen, ebenso 
wie Tuberkel an der inneren Kolbenbasis, 
wo die Kolbenwolbung mit der Ruckenwol- 
bung korrespondiert. Die Genitalöffnung 
liegt vor und unter dem 1. rechten Kolben, 
der After vor dem Pericard zwischen der 1. 
und 2. Kolbenreihe, rechts von der 
Medianen nahe der Kolbenansatzlinie. 

Die Radula hat 72 Zahne. Der Zahn ist 
U-formig und asymmetrisch gebaut. Er hat 
eine vorragende Mittelspitze, lichtmikrosko- 
pisch auf der einen Seite 2 oder 3, auf der 
anderen 3 oder 4 Seitendentikel. Der grösste 
Zahn ist 12 um lang und breit. 

Vorderes Genitalsystem (Abb. 3): Die 
Ampulle ist ein weiter, kurzer, eng U- 
formig gebogener Schlauch, der postampul- 
lare Zwittergang lang. Das Vas deferens 
zweigt als enger Gang vom Zwittergang ab 
und tritt nicht am proximalen Ende, 
sondern etwas distad verschoben, in die 
gewundene Prostata ein. Die Prostata 
verengt sich kontinuierlich zu dem ebenfalls 
gewundenen Ductus ejaculatorius, welcher 
in einem kegelförmigen Penis mündet. Die 
Receptaculumblase ist ein schlankes Ellip- 
soid, das gewinkelt auf dem kurzen weiten 
Receptaculumstiel sitzt. Das Receptaculum 
liegt bei zwei praparierten Tieren nicht 
zwischen den Lappen der weiblichen 
Drusenmasse, sondern vor Eiweiss- und 
Mucusdrüse unmittelbar neben der Penis- 
scheide. Es mündet nahe bei der Mündung 
des drüsigen Oviduktes. 

Färbung: Die zur Beschreibung vorlie- 
gende Schnecke hat eine kadmiumgelbe 
Körperfarbe und unterscheidet sich damit 
von 3 anderen Tieren des gleichen Fanges, 
die hell neapelgelb sind. Die Mitteldarm- 
drüse scheint in den Tuberkeln goldocker 
durch, die Epitheldrüsen weiss. Körper- 
seiten und Rücken sind diffus schwarz ge- 
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sprenkelt. Manchmal bildet das dunkle 
Pigment ein kleines, dunkel verstärktes Halb- 
rund am Kolbenansatz, doch niemals ein 
so betontes Muster wie bei Doto rosea. 
Auf den Kolben fehlt dagegen, bis auf 
die innere Kolbenbasis, jede Schwarzpig- 
mentierung. An der inneren Kolbenbasis 
aber zieht (bei allen 4 Tieren) ein dunk- 
lerer Streifen nach oben. Schwarzes Pig- 
ment bildet etwas unter der Rhinopho- 
renspitze einen dunklen Ring, dann folgt 
proximal eine helle Zone und an der Rhi- 
nophorenbasis eine zweite Region mit mehr 
diffus angeordnetem schwarzen Pigment. 
Opakweiss liegt in sehr feinen Punkten an 
der Rhinophorenspitze und am Rand der 
Rhinophorenscheiden. Es fehlt auf dem 
Körper fast ganz, auf den Kolben voll- 
ständig. Farbvarianten: Bei einer Schnecke 
von 1 mm Körperlänge des gleichen Fanges, 
die jederseits 3 Kolben und 1 Kolbenanlage 
besitzt, fehlt auf dem Körper jedes 
schwarze Pigment. Die Tuberkel aber haben 
alle schwarze Spitzen. Ein Exemplar von 
3 mm Körperlänge mit 4 Kolben jederseits, 
besitzt nur an den vordersten beiden Kol- 
ben je 2 Tuberkel mit schwarzem, termi- 
nalem Endfleck, sonst fehlt dunkles Pig- 
ment auf den Kolben vollkommen. Auch 
auf dem Rücken, Kopf und Pericard liegt 
nur wenig Schwarz, doch haben die Rhino- 
phoren einen deutlichen schwarzen Ring. 
Das Gelege ist nierenförmig oder ein 
kurzes Band. Doto acuta hat die grössten 
Eier von allen Neapler Doto-Arten. Die 
Eikapsel misst 190 X 120 um. Das weisse Ei 
hat einen Durchmesser von 110 bis 
120 um. Die Entwicklungsdauer in der 
Eihülle variiert bei 16°C zwischen 16 
(selten) und 20 (häufig) Tagen. Bei einer 
Entwicklungsdauer von 16 Tagen schlüpfen 
freischwimmende Veliger, die nach 3 Tagen 
metamorphosieren. Bei 18 Tagen Entwick- 
lungsdauer schlüpfen aus den Eihullen 
Veliger, die bereits nach 2 Tagen metamor- 
phosieren. Nach einer Entwicklungsdauer 
von 19 und 20 Tagen schliesslich, schlüpfen 
Jungschnecken, d. В. unterbleibt die 
freischwimmende Veligerphase und meta- 
morphosieren die Veliger in der Eikapsel. 
Holotyp ist die in Abb. 2 dargestellte 
Schnecke, vom 24. 9. 1972 von mit Obelia 
geniculata bewachsenen Posidonien aus 
10m Tiefe vom Capo Posillipo, Napoli. 
Lebend 3,5 mm lang. Jederseits 4 Kolben, 
davon der 3. rechte vermutlich regeniert. 
Fixiert nach Eiablage in Bouin. Aufbewahrt 


am Basler Naturhistorischen Museum, 
Schweiz. Paratyp: vom 24. 9. 1972; lebend 
4mm Korperlange. Jederseits 4 Kolben, 
von denen der 2. links und letzte rechts 
vermutlich Regenerate sind. Fundort: Mit 
Obelia bewachsene Posidonien aus 10 m 
Tiefe, Capo Posillipo, Napoli. Fixiert nach 
Eiablage in Bouin. Aufbewahrt am Basler 
Naturhistorischen Museum. 

Diskussion: Die Art wurde in der Fau- 
nenliste von Neapel (Schmekel, 1968b) als 
Doto pinnatifida (Montagu, 1804) geführt. 
Sie sieht kleinen Exemplaren dieser 
zunächst fur die Südküste von Devonshire 
beschriebenen Art ausserlich ahnlich (vgl. 
Abb. 14, 15) unterscheidet sich, wie 
spatere Untersuchungen zeigten, jedoch klar 
von der atlantischen Art: ausserlich durch 
den schwarzen Ring unter der Rhinopho- 
renspitze, weiteres dunkles Pigment tiefer 
am Rhinophor und durch den charakte- 
ristischen dunklen Pigmentast, der median 
an der Kolbenbasis hochzieht, Korpertuber- 
kel und Pseudobranchien wurden bei D. 
acuta im Unterschied zu D. pinnatifida 
niemals beobachtet. Anatomisch ist die Art 
durch Besonderheiten des vorderen Genital- 
systems (Abb. 3, 19) charakterisiert: Das 
Vas deferens tritt nicht am proximalen 
Ende (wie bei D. pinnatifida) sondern 
etwas distad verschoben in die Prostata. 
Der Receptaculumstiel ist bei D. acuta kurz 
und weit, aber lang und eng bei D. pinna- 
tifida (Abb. 3, 19, 22 c und d). D. acuta 
hat Eier mit einem Durchmesser von 110 
bis 120 um D. pinnatifida von Plymouth 
hat Eier von 90 bis 108 um Durchmesser. 
Die Entwicklungsdauer von D. acuta be- 
trägt bei 16°C zwischen 16 und 20 Tagen, 
wobei bei einer Entwicklungsdauer von 20 
Tagen die Veliger in der Eikapsel zur Jung- 
schnecke metamorphosieren. D. pinnatifida 
schlüpft bei entsprechender Temperatur 
nach ca. 10 Tagen aus der Eikapsel und hat 
dann eine freischwimmende Phase von 
mehr als 8-9 Tagen: D. pinnatifida kam 
1964-1972 in Neapel nicht vor. Doch fand 
Kress im März 1964 in Banyuls ein Exem- 
plar von 12 mm Körperlänge, das vermut- 
lich D. pinnatifida war. D. acuta gleicht 
ausserdem äusserlich der “spitzen schwar- 
zen Variante” von D. coronata, welcher 
jedoch das Genitalsystem sowie Entwick- 
lungsmodus und Entwicklungszeit von D. 
coronata zukommt. 
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Doto coronata (Gmelin, 1791 als Doris) 
Abb: 4:15,/6,.7, 16; 22а 
Plymouth und Neapel 


Tritonie couronne = Tritonia coronata. 
Lamarck, 1836 (nach Alder & Hancock, 
1845) 

Tergipes coronata. D'Orbigny, 1837 (nach 
Alder & Hancock, 1845) 

Melibaea coronata. Johnston, 1838 (nach 
Alder & Hancock, 1845) 

M. coronata. Alder & Hancock, 1842 

Doto coronata. Alder & Hancock, 1845, 
Fam. Ш, Pl..6 

D. coronata. Loven, 1845 (nach Alder & 
Hancock, 1845) 

Tergipé couronne. 
1852 (?) 

Doto coronata. Forbes & Hanley, 1853 

Non D. coronata A. Costa, 1867: 30, Taf. 
MAA 

Non D. coronata Bergh, 1878: 577 f. 

Non D. coronata Trinchese, 1881: 90, Taf. 
Lil 

D. coronata. Trinchese, 1881 Taf. LVIII, 
Abb. 4 und 5 & 

D. splendida Trinchese, 1881 

D. coronata. Vayssiere, 1888: 99 f. 

D. coronata. Odhner, 1907 

D. coronata. Pruvot-Fol, 1951, 1953, 1954 


Eydoux & Souleyet, 


a) Beschreibung der Tiere von Plymouth 
(Abb., 455,.7,.1,6) 

Insgesamt 59 Exemplare von 2-15 mm 
Körperlänge wurden ausgewertet. Die Funde 
stammen aus den Monaten April bis 
Oktober (die Art kommt aber das ganze 
Jahr über vor; vgl. Plymouth Fauna List 
1957). Doto coronata ist diejenige der in 
Plymouth vorkommenden Doto-Arten, die 
am häufigsten in der oberen Gezeitenzone 
anzutreffen ist, jedoch auch bis 70 m Tiefe 
gefunden wurde. Gedretscht wurde sie 
hauptsächlich auf Nemertesia antennina, 
Obelia geniculata, Kirchenpaueria sp. und 
Plumularia sp. Die Tiere sind ziemlich aktiv 
und werfen ihre Ruckenkolben bei 
Berührung oft ab. Dies scheint ein Vorgang 
zu sein, der auch im Freien regelmassig 
stattfindet, da viele der frischgefangenen 
Tiere ein bis mehrere regenerierte Kolben 
tragen. 

Die Breite der Pericardregion im Ver- 
haltnis zur Körperlänge beträgt 1:7 bis 1:8. 
Die kolbenfreie Schwanzlange macht 1/6 bis 
1/7 der Körperlänge aus. Der Fuss ist etwa 
so breit wie der Körper und an den Ecken 


abgerundet. Das Velum ist deutlich ausge- 
prägt, seine beiden seitlichen Lappen sind je 
etwa 1/2 so breit wie der Kopf. Eine Cresta 
wurde nur bei wenigen Exemplaren andeu- 


tungsweise beobachtet. Der stabförmige 
Rhinophor verjüngt sich nach oben zu 
leicht, ist farblos und zeigt endstandig 


mehrere weisse Tupfen, die dorsal etwas 
dichter liegen können. Die Rhinophoren- 
scheide ist bei kleineren Exemplaren eben- 
falls farblos, liegt dem Rhinophoren bei 
jungen Tieren eng an und hat einen glatten 
Rand. Von 4-5 mm Körperlange an sind die 
Rhinophorenscheiden nach oben zu erwei- 
tert, nach vorne etwas ausgezogen und 
zeigen manchmal einen leicht gewellten 
Rand. Sie sind farblos bis gelblich oder rosa 
getönt, der Rand carminrot gefleckt und 
mit feinen weiss-irisierenden Tupfen ver- 
sehen, die von Wehrzellen und Kalkzellen 
herrühren. Die Scheidenhöhe betragt ca. 
1/3 bis 1/2 der Rhinophorenlänge. 

Zwei mm lange Tiere besitzen 3 Kolben- 
paare, 15 mm lange Exemplare maximal 9 
Paare (vgl. Tab. 1). Der 2e und 3e Kolben 
sind in der Regel am grössten. Ihre Höhe 
beträgt 1/4 bis 1/6 der Körperlänge. Die 
relativ schlanken Kolben haben abgerundete 
Tuberkel, die regelmässig einen endstandig 
carminroten Flecken zeigen. In der ober- 
sten, horizontalen Tuberkelreihe stehen 4-5 
Tuberkel. Vertikal tragt der Kolben aussen 
3-6, innen 2-4 Tuberkelreihen. Tiere unter 
5mm haben in der Regel keine Pseudo- 
branchien. Bei grösseren Exemplaren besit- 
zen Tiere mit mehr Kolbenpaaren bei glei- 
cher Korperlange auch eine grössere Zahl 
von Pseudobranchien (Tab. 2). 

Der After liegt rechts von der Medianen 
oberhalb der Kolbenansatzlinie zwischen 
dem ersten und zweiten Kolbenpaar. Das 
Genitalsystem entspricht demjenigen der 
Neapler Doto coronata. 

Radula: die Zahl der Zahne ist der 
Länge des Tieres nicht immer proportional: 
2,5 mm 55 Zähne (Höhe 8um, Breite 8um) 
4 mm 60 Zahne (Höhe 18-24 um, Breite 


16-24 um) 

7 mm 68 Zähne (Höhe 18-24 um, Breite 
16-24 um) 

9 mm 58 Zähne (Höhe 18-24 um, Breite 
16-24 um) 


Der Zahn ist hufeisenförmig und zeigt im 
Raster-Elektronenmikroskop 4-5 Seitenden- 
tikel jederseits (Abb. 7). 

Farbung: Kleine bis 4mm lange Tiere 
sind meist farblos und transparent mit 
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ABB. 4. Doto coronata (Plymouth). 


ABB.5. Doto coronata (Plymouth), Farbvariante ohne rotes Pigment an der Kolbeninnenseite, aber 
intensiver pigmentiert auf dem Kopf und dem Кбгрег. 
ABB. 6. Doto coronata (Neapel). 


АВВ. 7. Doto coronata (Plymouth). Radula. 
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TABELLE 1. Gegenüberstellung von Körperlänge 
und Anzahl der Kolbenpaare bei Doto coronata. 
Ausgewertet wurden 245 Tiere, davon 186 von 
Miller (1958), 59 von Kress (teilweise 1968). 


Körperlänge (mm) 


1 23141567359. 10.11 12413-16 
Kolbenpaare 


wenigen carminroten, diffusen Flecken auf 
Kopf und Rucken. Mit zunehmender Grosse 
wird die carminrote Pigmentierung meist 
intensiver und greift auf die Korperseiten 
über. Ausserdem ziehen rote Zonen an der 
Innenseite der Kolbenbasis aufwarts. 

Der Laich (Abb. 16) besteht aus einem 
zickzackartig gefalteten 3 mm breiten und 
aufgewunden, са. 1 ст langen Band. Die 
weissen Eier haben einen Durchmesser von 
62-82 um und liegen in Kapseln von im 
Mittel 103X 82 um. Die Entwicklung dauert 
bei 10° 13-14 Tage. Esschlüpfen freischwim- 
mende Veliger. Die Veligerschalenlänge be- 
trägt im Mittel 116 um (vgl. Kress, 1975). 


b) Beschreibung der Tiere von Neapel 
(Abb. 6). 

Insgesamt 278 Exemplare von 1-9 mm 
Körperlänge aus 0-20 m Tiefe lagen zur 
Auswertung vor. Das Vorkommen ist ganz- 
jahrig mit Maximum in den Monaten Januar 
bis März. Gelege finden sich vor allem im 
Februar und März. Die meisten Exemplare 
stammen aus Zostera-Cymodocea-Wiesen mit 
reichem Hydroiden-Bestand von der Nord- 
küste des Golfes. Im Labor frisst Doto 


coronata Obelia geniculata. Beschreibung der 
folgenden Tiere nach Material aus der ersten 
März-Hälfte 1968 vom Capo Posillipo: 

Körper etwa 5X so lang wie in der 
Pericardregion breit und hoch. Das Pericard 
liegt zwischen dem 1. und 2. Kolbenpaar. 
Das Velum ist doppelt so breit wie der 
Kopf, d. h. deutlich ausgepragt und weit 
ausladend, und damit etwa so breit wie 
breiteste Korperregion. Bei allen Tieren 
lauft je 1 niedrige Cresta von der Oberlippe 
bis zu den Rhinophorenscheiden. Der Fuss 
ist ungefahr so breit wie der Körper, vorne 
ganzrandig und abgerundet, hinten in einem 
kurzen stumpfen Schwanz endend. Die 
Rhinophoren messen einschliesslich der 
Rhinophorenscheiden 1/3 bis 1/4 der Kör- 
perlange. Sie sind schlank stabformig und 
apikal fast gerade abgeschnitten. Die Höhe 
der Rhinophorenscheide beträgt 2/5 der 
Rhinophorenlänge. Die Rhinophorenscheide 
ist, ausser bei sehr jungen Tieren, weit und 
trichterförmig und hinten 1/3 kürzer als 
vorn. Der Rand ist geschweift. 

Vier und 5 mm lange Tiere tragen jeder- 
seits 5-6 Kolben, die einander streng 
gegenüber angeordnet sind. Die langsten 
Kolben stehen in der 2. bis 4. Kolbenreihe 
und messen bis zu 1/4 der Körperlänge. 
Der Abstand zwischen den einzelnen 
Kolben ist, ausser bei den hinteren kleine- 
ren Kolbenpaaren, untereinander gleich und 
genauso gross wie der Abstand des 1. Kol- 
benpaares von den Rhinophoren. Die Kol- 
ben werden beim Kriechen und häufig auch 
beim ruhigen Sitzen dem Körper angelegt 
getragen. Die Grundform der Kolben ist die 
eines relativ gleichmässigen Ellipsoids, 
welches im unteren Drittel auf der Innen- 
seite konkav ausgehöhlt ist. Der Kolbenstiel 
hat gegenüber dem restlichen Kolben einen 


TABELLE 2. Pseudobranchien bei Doto coronata aus Plymouth. Bis ca. 7 mm Körperlänge sind keine 


Pseudobranchien vorhanden. 


Anzahl 
Kolbenpaare 


Körperlänge 
(mm) 


6-7 7 


Y) 
10 
12 
12 


12 
13 
13 
14 
15 
15 


00 JJ 000 


Anzahl Paare 
Pseudobranchien Bemerkungen 
4 (schwach) sehr dicht 
stehende Kolben 
1 (schwach) 

4 (schwach) 


einige Kolben in 
Regeneration 


2 Exemplare 
sogar an Regenerat 


орларь WHO 
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viel geringeren Durchmesser als 2. В. bei 
Doto paulinae, und die Tuberkel sind in 
Bezug auf den ganzen Kolben kleiner. Sie 
stehen in recht regelmässigen Querreihen, 
selten aber einmal in einer Langsreihe. Der 
apikale Endtuberkel ist nicht grösser als die 
grösseren Seitentuberkel. Er enthalt manch- 
mal mehr Wehrzellen als die letzteren, ist 
im wesentlichen aber nicht anders gefarbt. 
Grosse Kolben besitzen bei 5 mm langen 
Tieren aussen 5 Tuberkelquerreihen, innen 
fehlen die beiden unteren Reihen. In der 
obersten Tuberkelreihe stehen oft 4 Tuber- 
kel. Sie sind je nach Bewegungsform leicht 
zugespitzt oder stärker abgerundet. Pseudo- 
branchien fehlen. Der After liegt zwischen 
dem 1. und 2. Kolben etwas dorsal von der 
Kolbenansatzlinie, die Genitaloffnung vor 
und unter dem 1. rechten Kolben. 

Die Zahl der Radula-Zahne einer fixiert 
3mm langen Schnecke betrug 68. Der 
grösste Zahn hat eine Breite und Lange von 
18 ит. Die Zähne sind hufeisenformig und 
tragen lichtmikroskopisch jederseits von 
dem prominenten Mitteldentikel 2 bzw. 3 
Seitendentikel. 

Vorderes Genitalsystem (Abb. 22a; vgl. 
Schmekel 1970: Abb. 46): Die Ampulle ist 
ein einfach U-förmig gebogener Schlauch, 
der postampullare Zwittergang massig lang. 
Das gewundene Vas deferens ist in seinen 
beiden proximalen Dritteln prostatisch 
erweitert, im distalen Drittel bildet es einen 
engen Ductus ejaculatorius. Der schlank 
spindelformige Penis hat eine feine, un- 
bewaffnete Spitze. Der Ovidukt lauft nach 
seiner Abzweigung vom Zwittergang 
zunächst weiter distalwarts bis zur Genital- 
offnung. Er beginnt am Zwittergang eng, 
erweitert sich zu einer grossen Befruchtungs- 
kammer und verengt sich erneut, bevor er 
mit weiter vaginaler Kammer in das Vesti- 
bulum mündet. Vom Vestibulum aus biegt 
der drüsige Ast körperwarts zurück, bildet 
Eiweiss- und Mucusdruse und endet wie- 
derum im Vestibulum. Ein langsellipsoides, 
langgestieltes Receptaculum mündet zwi- 
schen Vestibulum und Penisscheide direkt 
nach aussen. Es liegt zwischen dem vor- 
deren und hinteren Lappen der weiblichen 
Drüsenmasse. Receptaculum und vaginale 
Kammer dienen der Aufbewahrung von 
Allospermien: Im Receptaculum sitzen die 
Spermien Kopf zur Wand, Schwanz lumen- 
wärts gerichtet, dicht beieinander. In 
geringerer Zahl finden sie sich in der vagi- 
nalen Kammer, wo sie ebenfalls mit dem 
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Kopf zur Wand orientiert in den Buchten 
zwischen niedrigen Septen sitzen. Das 
Epithel der vaginalen Kammer trägt lange 
Cilien, diese fehlen im Receptaculum. 

Farbung: Die Körpergrundfarbe ist 
durchsichtig weisslich. Dieses Weiss bleibt 
an Kopf, Fuss, Velum, Rhinophoren, Rhi- 
nophorenscheiden und Schwanz erhalten. 
Der Farbeindruck der Schnecke wird durch 
die unter der durchsichtigen Epidermis lie- 
genden inneren Organe, u. a. Mitteldarm- 
drüse und Zwittergonade bestimmt. Die 
Färbung dieser Organe variiert von dunklem 
Kadmiumgelb über Echtgelb bis zu Siena 
und fast Weiss. Uber der Mitteldarmdrüsen- 
farbe liegt eine von Tier zu Tier stark 
wechselnde venezianisch-rote, tiefbraune 
oder schwarze Tupfelung. Meist entspricht 
kadmiumgelben inneren Organen eine 
venezianisch-rote Tupfelung, sienafarbenen 
inneren Organen eine schwarze Tüpfelung. 
Die Pigmenttupfen sind feiner und distink- 
ter als z. B. bei Doto paulinae, wo sie 
ineinander verfliessen. Sie liegen z. T. als 
feine Striche auf dem Kopf, dem Rücken, 
an den Körperseiten (Unterschied zu D. 
paulinae!) und häufig als etwas dichteres 
Netzwerk innen auf der tuberkelfreien basa- 
len Region der Kolben. Auf den Kolben 
findet sich die konzentrierte dunkle Tüpfe- 
lung durchweg nur an dieser medianen 
Stelle, aussen oder oben aber höchstens 
vereinzelte Pigmenttupfen. Um die Kolben- 
basis herum bleibt auf dem Rücken meist 
ein kleiner heller Hof ausgespart. In den 
Tuberkeln sind Wehrzellen deutlich durch 
die Epidermis erkennbar. An der Spitze 
eines jeden, auch des apikalen Tuberkels 
liegt ein deutlicher venezianisch-roter oder 
schwarzer Punkt. Dieser kann vereinzelt 
fehlen. Die Rhinophoren und die oberen 
Regionen der Rhinophorenscheiden bleiben 
pigmentfrei. Die obere Halfte der Rhino- 
phoren zeigt rundherum eine meist gutaus- 
geprägte Opakweisstüpfelung, die sich dorsal 
tiefer herunter zieht. 

Das Gelege von Doto coronata ist band- 


formig. Die weissen Eier haben einen 
Durchmesser von 75um und liegen in 
Kapseln von 110Х 90 um. Freischwim- 


mende Veliger schlüpfen bei 18° nach 8-9, 
bei 16° nach 8-10 Tagen. 

Sowohl in Plymouth (13 Exemplare) 
wie in Neapel (127 Exemplare) findet sich 
regelmässig neben der typischen Doto coro- 
nata mit mehr abgerundeten Kolben und 
Tuberkeln eine Form mit schlankeren Kol- 
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ben und spitzeren, etwas starker abstehen- 
den Tuberkeln. Sie wurde von Schmekel 
(1968b) als D. splendida Trinchese, 1881 
eingeordnet. Oft ist der apikale Tuberkel 
länger. An den Spitzen eines jeden Tuber- 
kels liegt ein deutlicher, venezianisch-roter, 
carminroter, brauner oder schwarzer Punkt. 
Er ist häufig strichartig ausgezogen. Auch 
können mehrere feine Striche über die 
Tuberkeloberflache verstreut sein. Jedoch 
fehlt die rote Zeichnung an der inneren 
Kolbenbasis. In Plymouth ist diese Form 
meist intensiver pigmentiert als gleich 
grosse typische D. coronata. Insgesamt 
nimmt die Pigmentierung mit der Körper- 
grösse zu. Obwohl sich diese Form in ihrem 
ausseren Habitus deutlich von der typischen 
D. coronata unterscheidet, sprechen alle 
übrigen Daten für die Identitat beider 
Formen: Radula und Genitalsystem sind 
gleich, Eigröse und Entwicklungsdauer 
ebenfalls. Beide Formen fressen im Labor 
Obelia geniculata und sind gestaltmassig 
durch eine Reihe von Zwischenformen 
miteinander verbunden. 

Diskussion: Art beschrieben als Doris 
coronata Gmelin (1791: 3105): “D. lactea, 
subtus hyalina, papillis dorsi rubro punctati 
pyramidalibus utrinque sex apice rubris.”’ 
Was konnte Gmelin 1791 mit seiner ein- 
fachen Optik erkennen? Was bedeutet die 
Bezeichnung “apice rubris’’? Hatte er mo- 
glicherweise eine Doto floridicola vor sich? 
Es wird sich nicht mehr feststellen lassen, 
ob die von Gmelin beschriebene Schnecke 
diejenige war, die in der Folge als Doto 
coronata bezeichnet wurde und die als D. 
coronata (Gmelin, 1791) von Alder & 
Hancock (1845-1855) unmissverstandlich 
und in ihrer Monographie leicht zuganglich 
dargestellt wurde. Seither ist der Name fur 


diese Art von Alder & Hancock gut ein-: 


geführt. D. coronata (Gmelin, 1791) 
kommt, wie uns Herr H. Lemche sagte, und 
zeigte, in derjenigen Region in Holland vor, 
aus der Gmelin sein Material hatte. Um 
weitere Unklarheiten zu vermeiden, wird 
Herr H. Lemche für die von Gmelin be- 
schriebene Art einen Neotyp von Holland 
in Kopenhagen hinterlegen. 

Unsere Tiere aus Plymouth und Neapel 
stimmen in Anatomie, äusserer Gestalt, 
Eigrösse, Entwicklungszeit und Entwick- 
lungsmodus untereinander überein und ent- 
sprechen ganz der Beschreibung von Alder 
& Hancock (1845-1855). Sie sind nicht 
identisch mit der Doto coronata von Trin- 


chese (1881: 90, Tafel Lil), jedoch vermut- 
lich mit dem Exemplar das Trinchese 
(1881) auf Tafel LVIII, Abb. 4 und 5 
dargestellt hat. Die D. coronata von A. 
Costa (1867) ist nach seiner Beschreibung 
und Abbildung klar eine D. rosea Trin- 
chese, 1881. Exemplare dieser D. rosea, die 
A. Costa in Neapel an Bergh weitergab, 
dienten Bergh (1878) zur Beschreibung 
seiner D. coronata! In Costas Abbildung 
und Beschreibung haben die Tuberkel deut- 
liche weisse Spitzen, also sicherlich keine 
“apice rubris’’ gemäss Gmelin. Vayssiere 
(1888) beruft sich auf Alder & Hancock’s 
(1845-1855) Abbildung. Vayssieres Tiere 
und diejenigen von Pruvot-Fol (1951, 
1954) dürften überwiegend D. coronata 
gewesen sein. Die D. coronata von Odhner 
(1907: 35) scheint nach der Beschreibung 
ebenfalls eine D. coronata sensu Alder & 
Hancock (1845-1855) zu sein, doch bleiben 
Zweifel bei Odhners Abbildungen auf Tafel 
|, Abb. 23 und 24. Unsicher bleibt auch 
die D. coronata von Rovigno (Odhner, 
1914). Das Tier von d’Orbigny (1837) 
konnte eine D. coronata gewesen sein, doch 
fehlen Angaben über die Farbung der inne- 
ren Kolbenbasis. 

Die grösste Körperlange für Doto coro- 
nata notiert Larsen (1925) mit 20 mm. In 
Neapel waren die langsten Tiere 9 mm, in 
Plymouth 15 mm. 

Alder & Hancock (1845-1855) beschrei- 
ben eine Radula mit über 100 Zähnen. 
Demgegenüber notiert Larsen (1925) 55-75 
Zähne und Vayssiere (1901a) 72 für ein 
12 mm Tier. Miller (1958) findet für ein 1, 
3, 5, 8 und 12,5 mm Tier, je 55, 65, 63, 
70 und 91 Zähne. Diese letzteren Angaben 
decken sich gut mit unseren Resultaten. 

Verbreitung: Armelkanal und englische 
Kusten: Johnston (1838)?; Alder & 
Hancock (1845-1855); Herdman & Clubb 
(1890); Norman (1890); Walton (1908); 
Marine Biol. Ass. Plymouth (1957); Kress 
(1968). Irland und Isle of Man: Alder & 
Hancock (1845-1855); Herdman & Clubb 
(1890); Beaumont (1900); Farran (1903); 
Elmhirst (1908, 1922); Colgan (1914); 
Miller (1958, 1961, 1962). Armelkanal und 
französiche Atlantikküste: Fischer (1867); 
Giard (1888); Hecht (1896); Vayssiere 
(1901b, 1913); Nobre ([Portugal] 1905); 
Pelseneer (1911); Dautzenberg € Fischer 
(1925); Cornet & Marche-Marchad (1951); 
Pruvot-Fol (1954). Mittelmeer: Trinchese 
(1881); Vayssiere (1901b, 1913); Odhner 
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(1914)?; Pruvot-Fol (1951, 1954); Haefel- 
finger (1960); Schmekel (1968b). Nordsee: 
holländische und deutsche Küste und 
Ostsee: Gmelin (1791); Jaeckel (1952a, b); 
Swennen (1961). Nordsee: norwegische 
Küste und arktische Gebiete: Sars, M. (1851, 
1853, 1859)?; Sars, G. O. (1878); Odhner 
(1907)?; Larsen (1925); Ldyning (1927); 
Lemche (1929, 1938). Rotes Meer: 
O’Donoghue (1929)? 


Doto cuspidata Alder & Hancock, 1862 
Abb. 9, Plymouth 


О. armoricana Hesse, 1872(?) 

Im Mai 1966 wurden auf Nemertesia 2 
Exemplare von 10 und 12 тт gefunden, 
im Juli 1966 2 Tiere von 5 und 6 mm und 
im Juli 1974 eines von 6 mm. In allen 3 
Fallen wurden die Hydroiden in grösseren 
Tiefen (75-80 m) ausserhalb des Plymouth 
Sound (Eddystone) gedretscht. 

Das Verhaltnis der Korperbreite in der 
Pericardregion zur Körperlänge beträgt im 
Mittel ca. 1:6 bis 1:7. Die kolbenfreie 
Schwanzstrecke beträgt 1/7 der Когрег- 
lange. Der Fuss ist nicht breiter als der 
Körper. 

Das Stirnsegel ist bei den beiden jungen 
Exemplaren nur wenig ausgeprägt und die 
Cresta niedrig. Die beiden grösseren Indivi- 
duen haben deutlich ausgeprägte seitliche 
Lappen am Stirnsegel und eine etwas 
grössere Cresta. 

Die Rhinophoren sind nach oben zu nur 
sehr wenig verschmälert, am Ende schräg 
abgeschnitten und mit einigen weissen 
Tupfen versehen. Die Rhinophorenscheiden 
sind bei 2 der kleineren Tiere zylindrisch 
und besitzen einen fast glatten Rand, wah- 
rend eines am Vorderrand eine leichte 
Zackung aufweist. Die Rhinophorenscheide 
des 12mm langen Exemplares ist nach 
oben weiter ausladend und hat einen 
gewellten Rand. Am Scheidenrand schim- 
mern die Wehrzellen als dichte weisse 
Punkte durch die Epidermis. 

Das 5 mm lange Tier trägt jederseits 
6 Kolben, die Tiere von 6 und 10 mm 
Körperlänge je 7 und die 12 mm lange 
Schnecke 8 Kolben. Die ersten beiden Kol- 
benpaare inserieren etwas weiter auseinan- 
der als die hinteren Kolbenreihen. Der 
grösste Kolben misst bei allen Exemplaren 
ca. 1/6 der Körperlänge. Die Kolben sind 
ellipsoid. Die Kolbentuberkel sind meist 
kurz und zugespitzt, bei einem Tier eher 


abgeflacht. Ein dunkler terminaler Pigment- 
fleck fehlt, doch schimmern weisse Wehr- 
zellen durch die Epidermis. An der Kolben- 
aussenseite sind 4-6, an der Innenseite 2-4 
Tuberkelreihen anzutreffen. Die beiden 
grösseren Tiere besitzen kleine Pseudo- 
branchien. Die ~Fortsatze der weiss- 
gelblichen bis stark gelben Mitteldarmdrüse 
reichen in die Tuberkel hinein. 

Die beiden grossen Tiere tragen dorsal 
zwischen dem ersten und dem zweiten Kol- 
benpaar unregelmässig verstreute Körper- 
tuberkel. Es sind kleine Epidermisausstül- 
pungen mit einem weissen endständigen 
Tupf, jedoch ohne jegliche Pigmenteinlage- 
rung. 

Der After liegt ein wenig rechts von der 
Medianen zwischen dem ersten und zweiten 
Kolbenpaar. 

Die Körpergrundfarbe ist ein homogenes 
Weiss-Gelb. Uber dem ganzen Tier verstreut 
liegt eine feine rötlich-braune Sprenkelung 
und sehr feine weiss-irisierende Tupfen, die 
auf dem Stirnsegel, den Rhinophorenschei- 
den und den Kolben intensiver ist. 

Uber Genitalsystem, Eier oder Veliger 
liegen keine Daten vor. Die Radulae wur- 
den leider zerstört. 

Diskussion: Art beschrieben als Doto 
cuspidata Alder & Hancock, 1862: 264: 

“Body nearly linear, slender, smooth, white or 
yellowish, spotted on the back with pink ог 
purple, the spots forming two lines of curves 
between the branchial processes, bending towards 
each, and extending from the tentacles to near 
the tail. Tentacles filiform, slender, tapering a 
little upwards; the sheaths trumpet-shaped, with 
scalloped margins, extending into a point т 
front. Veil entire, arched in front, and produced 
into obtuse recurved points at the sides. There is 
a raised portion of the surface in front of each 
tentacle, as in D. fragilis. Branchiae six pairs, 
rather distant; the first pair placed not far behind 
the tentacles, the last pair very small. They are 
ovate-conical, with four whorls of strongly 
pointed conical tubercles, and a terminal one at 
the apex; apices without spots. Foot narrow, a 
little expanded in front, and tapering to a point 
at the tail.” 

Alder & Hancock's Angaben basieren 
auf nur einem fixierten Exemplar von 
6 mm Länge. Odhner (1922) erwahnt Doto 
cuspidata als eventuelle Varietat von D. 
coronata. In seinen Arbeiten von 1936 und 
1939 führt er D. cuspidata jedoch als selb- 
ständige Art. Odhner erwähnt als charakte- 
ristisch für D. cuspidata, dass sie keine 
Pseudobranchien besitze. Leider besagen 
diese Angaben ohne Abbildungen und Grös- 
senangaben wenig: während unser 6 mm 
langes Exemplar keine Pseudobranchien 
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besass, haben die 10 und 12 mm langen 
Tiere deutliche Pseudobranchien. Miller 
(1958) gibt eine ausführliche Beschreibung 
der äusseren Gestalt von D. cuspidata. 
Seine wenigen Exemplare stammen von der 
Isle of Man und lebten auf Nemertesia 
ramosa. Er betont wie Alder & Hancock 
die starke Furchung der Rhinophorenschei- 
den-Rander, die bei unseren Tieren nur 
schwach vorhanden war. Millers Beschrei- 
bung von Anzahl und Anordnung der klei- 
nen Körpertuberkel sowie seine Farbanga- 
ben stimmen genau mit unseren Beobach- 
tungen überein. Miller hat 1966 in 
Plymouth, die hier beschriebenen Tiere 
gesehen und als übereinstimmend mit seiner 
D. cuspidata bezeichnet. Die Radula einer 
8mm langen D. cuspidata von Miller 
(1958) hat 90 Zähne. Gelege wurden auch 
von Miller nicht beobachtet. 

Verbreitung: Doto cuspidata wurde bis 


jetzt in der Plymouth Faunenliste nicht 
aufgeführt. Irische See: Nichols (1900); 
Miller (1958). Nordsee, Ostsee: Jaeckel 


(1952a, b) [135-148 m tief]. 


Doto floridicola Simroth, 1888 
Abb. 8, 22f, Neapel 


Fünfzehn Exemplare von lebend 2- 
10 mm Körperlänge aus 2-30 m Tiefe lie- 
gen vor. Doto floridicola kommt im ganzen 
Golf von November bis Juni vor, wobei 
mehr als 2/3 aller Tiere in den Monaten 
Marz bis Mai gefangen wurden. Die meisten 
Exemplare stammen aus Hydroiden-Grat- 
tatura. 

Beschreibung nach einer Schnecke vom 
6. V. 1968, Grattatura Gaiola, aus 15m 
Tiefe: 

Körper gestreckt 5 mm lang und maxi- 
mal 1 mm breit und hoch. Das Velum ist 
leicht seitlich ausgezogen und etwas breiter 
als die grösste Korperbreite. Vom Velum 
zieht jederseits eine Cresta zu den Rhino- 
phorenscheiden. 

Die Rhinophoren sind stabformig und 
messen mit Scheide gestreckt 1,5 mm. Die 
Höhe der Rhinophorenscheide beträgt 1/3 
der Rhinophorenlänge. Sie ist oben leicht 
trichterförmig erweitert und ganz leicht 
geschwungen. 

Am Rücken stehen jederseits 5 Cerata, 
das letzte 0,75 mm vor dem Körperende. 
Die Cerata der rechten und linken Seite 
stehen einander streng gegenüber. Am grös- 
sten ist das 2. Kolbenpaar mit einer Kol- 


ABB.8. Doto floridicola (Neapel). Nur der 1. 
rechte und 2. linke Kolben haben Originalgrösse, 
die übrigen sind regeneriert. 


benhöhe von 1 mm. Die Kolben werden 
aufrecht getragen und berühren einander 
bei dieser Schnecke nicht. Der Endtuberkel 
misst 1/3 der Kolbenhöhe. Unter dem End- 
tuberkel stehen beim grössten Kolben 2 
Horizontalreihen von Tuberkeln, von denen 
der obere Kranz 7, der untere 5 Tuberkel 
zahlt. Die Tuberkel können dem Kolben 
himbeerartig dicht angelegt werden oder 
offen tannenzapfenartig hochgerichtet wer- 
den. 

Der After liegt in der Mitte zwischen 1. 
und 2. rechten Kolben etwas median von 
der Kolbenansatzlinie, die Genitalöffnung 
unter dem 1. rechten Kolben. 

Schnecken von fixiert 2 und 5 mm Kör- 
perlänge haben eine Radula mit 90 Zähnen. 
Diese sind hufeisenformig, haben eine 
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ABB.9. Doto cuspidata (Plymouth). Man beachte die Sprenkelung auf Körper und Kolben im Vergleich 
zu Doto fragilis. Gabelung des linken Rhinophoren infolge von Regenerationsvorgängen. 

ABB. 10. Doto fragilis (Plymouth). АВВ. 11. Doto fragilis (Plymouth). Radula. 

ABB. 12. Doto fragilis (Plymouth). Radula. 
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prominente Mittelspitze und tragen auf der 
einen Seite lichtmikroskopisch 2 oder 3, 
auf der anderen 3 oder 4 Seitendentikel. 
Der grösste Radulazahn ist bei kleinen und 
grossen Schnecken 18 um breit und lang. 

Vorderes Genitalsystem (Abb. 22f): Die 
Ampulle 151 ет einfach U-formig gebogener 
Schlauch, der postampullare Zwittergang 
relativ lang. Nach seiner Abzweigung vom 
Zwittergang erweitert sich das Vas deferens 
zu einer schlauchformigen Prostata, die in 
einfachem Bogen distalwarts zieht. Die 
Prostata verengt sich kontinuierlich in einen 
ebenfalls einfach gewundenen Ductus ejacu- 
latorius, der in einen relativ kleinen kegel- 
formigen Penis eintritt. Das Receptaculum 
liegt zwischen dem vorderen und hinteren 
Lappen der weiblichen Drüsenmasse und 
mündet unmittelbar neben Ovidukt und 
Penis. Der Receptaculumgang ist in seiner 
Mündungsregion weit, verengt sich dann 
und erweitert sich wieder kontinuierlich zu 
der birnförmigen Receptaculumblase. 

Farbung: Die Körpergrundfarbe ist 
weiss-gelb, die Mitteldarmdrüse in den Kol- 
ben weiss. Kraftiges Krapplackrot deckt alle 
Tuberkel und liegt in dichten kleinen Fleck- 
en auf dem Velum, auf der Rückenmitte 
vom Velum bis zur Schwanzspitze und auf 
den Körperseiten. Die Krapplackzeichnung 
fehlt an der Kolbenbasis und der Verbin- 
dungslinie zwischen den Kolben, sowie auf 
den Rhinophoren und weitgehend auf den 
Rhinophorenscheiden mit Ausnahme der 
medianen Basis. Opakweiss fehlt auf dem 
Körper und auf den Kolben. Die Analpa- 
pille ist jedoch ganz opakweiss und die 
Rhinophoren zeigen vorne einen schwachen 
und hinten einen kräftigen weissen Längs- 
streifen. Ausserdem kommt Opakweiss in 
Spuren an den Rändern der Rhinopho- 
renscheiden vor. Die Augen sind unter den 
Rhinophoren sichtbar. 

Farbvarianten: Eine Schnecke von 
lebend 6 mm Körperlänge vom 6. V. 1968 
tragt jederseits 7 Kolben. Die Färbung der 
Tuberkel gleicht derjenigen des oben be- 
schriebenen Tieres. Die Fleckung auf dem 
Körper ist jedoch dichter und feiner und 
neigt zu braun. Braune Flecken finden sich 
auch auf der Kolbenansatzlinie und fehlen 
nur am Kolbenansatz selbst vollständig. 

Diskussion: Art beschrieben als Doto 
floridicola Simroth, 1888: 220: 


Die Schnecke misst im Leben zwischen 3,5 
und 4mm. Das Velum hübsch ausgerandet; die 
Fühlerscheiden rings fortlaufend geschlossen. Vier 
Paar Rückenanhänge, wovon das zweite das 


längste. Die Papillen rings mit Tuberkeln besetzt, 
die ersten beiden Paare mit je 4, das dritte mit je 
3 Reihen; die Endwarze am grössten. Das letzte 
Paar hat statt der längeren Tuberkel nur 2 Paar 
kolbige Auswüchse.... Die Färbung ist ein 
diffuses Gelb, das namentlich an den Sohlenrän- 
dern und den Seiten des Körpers intensiv wird. 
Hieraus hebt sich ein leuchtendes subepitheliales 
Carminroth ab, eine dicht geschlossene Zeich- 
nung, etwas gefenstert und dadurch die Zusam- 
mensetzung aus Sternzellen andeutend. Es 
schmückt das ganze Velum und das Mittelfeld des 
Rückens, den Fuss der Anhänge etwas umgreifend 
und hinten in eine zugespitzte Verlängerung aus- 
gezogen, die wiederum mehrere Paare seitlicher 
Aussackungen trägt. Ausserdem läuft noch an 
jeder Seite des Körpers ausserhalb der Papillen 
eine rothe Laterallinie entlang, die vorn sich mit 
dem Carmin des Segels vereinigt und ähnlich wie 
die Rückenzeichnung den äusseren Fuss der 
Anhänge umfasst. Die Analpapille ist mit grell- 
stem Roth gezeichnet. Das subepitheliale Pigment 
der Tuberkeln an den Anhängen ist nicht weniger 
scharf und lebhaft, doch mehr purpurn, also mit 
einem Stich in’s Blaue, was in den Abbildungen 
nicht genügend berücksichtigt ist. Namentlich die 
Endwarze mit einem scharfen Pigmentknopf.”’ 


Doto floridicola hat eine charakteristi- 
sche Kolbenform und Farbe, die sie zu 
einer der am leichtesten wieder erkennba- 
ren Doto-species macht. Die Art wurde 
1888 von Simroth fur die Azoren beschrie- 
ben und mit sehr prazisen Abbildungen 
dargestellt. Möglicherweise ist 0. onusta 
Hesse, 1872 dieselbe Art. Ihr kame dann 
Prioritat zu. Leider ist die Beschreibung 
auch dieser Hesse'schen Art zu ungewiss 
um sie sicher wiederzuerkennen, weshalb 
wir für die Art den von einer klaren 
Beschreibung begleiteten Namen D. floridi- 
cola Simroth, 1888 beibehalten. 

Doto floridicola ahnelt in der Kolben- 
form D. paulinae. Sie ist aber anatomisch 
durch die kürzere Prostata, den bei gleicher 
Korpergrosse nur etwa halb so grossen 
Penis, und durch etwa doppelt so grosse 
Radulazahne klar von D. paulinae zu unter- 
scheiden. Ausserlich lasst sich D. floridicola 
gut an der markanten weissen Längsstrei- 
fung der Rhinophoren und dem Fehlen von 
Opakweiss auf den Tuberkeln erkennen. 
Die meisten Exemplare zeigen das beschrie- 
bene charakteristische Krapplackmuster. 


Doto fragilis (Forbes, 1838, als Meliboea) 
Abb>10, 11, 12,117,224 
Plymouth 


Meliboea pinnatifida Johnston, 1838. 
Doto pinnigera Hesse, 1872 (?) 

О. aurita Hesse, 1872 (?) 

Non D. fragilis Bergh, 1888 (?) 
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Doto fragilis ist wie D. cuspidata eine 
Art, die fast ausschliesslich ausserhalb der 
Gezeitenzone in grösserer Tiefe lebt. Alle 
unsere Exemplare stammen von der tiefsten 
Stelle des Plymouth Sound (Milbay Pit 
36 m) und aus angrenzenden tiefen 
Regionen (Eddystone, 80 m). Achtunddreis- 
sig Exemplare standen zur Analyse zur 
Verfügung und wurden jeweils in den 
Monaten Juni bis August gefangen. Die 
Korperlangen betrugen 3-40 mm. Die Tiere 
fressen Nemertesia antennina. Der Körper 
ist 7-8X so lang wie breit. Seine maximale 
Breite liegt in der Pericardregion. Die kol- 
benfreie Schwanzstrecke macht 1/6 bis 1/7 
der Körperlänge aus. Der Fuss ist vorne 
abgerundet und ungefähr so breit wie der 
Körper. Das Velum ist von Tier zu Tier 
sehr stark wechselnd weit seitlich ausgezo- 
gen. Ebenso variiert die Höhe der Cresta, 
die von den Rhinophorenscheiden zum 
Stirnsegel lauft ziemlich stark und zwar 
unabhängig von der Grösse der Schnecke. 

Die stabförmigen Rhinophoren verjun- 
gen sich nach oben zu deutlich. Die Rhino- 
phorenspitze ist etwas heller als die Rhino- 
phorenbasis und zeigt manchmal weisse 
Tupfen, die von Wehrzellen herrühren. Die 
konischen Rhinophorenscheiden haben 
einen glatten bis leicht gewellten Rand. Er 
ladt rundherum, insbesondere aber vorne 
stark aus und ist dicht mit weiss irisieren- 
den Punkten besetzt. Letztere stammen 
sowohl von den Kalkzellen im Epithel, wie 
von den Wehrzellen im Bindegewebe. Die 
Gesamtlänge der Rhinophorenscheide be- 
trägt ca. 1/4 der Rhinophorenlange. 

Die Kolben wirken gedrungen und trau- 
benartig. Sie sind selten doppelt so hoch 
wie breit, in den meisten Fallen nur wenig 
höher als breit, meistens gleich hoch wie 
breit. Die vordersten Kolben sind die gros- 
sten und messen etwa 1/7 der Körperlänge. 
Nach caudal werden die Kolben sukzessive 
kleiner. Die Kolbenzahl variiert mit der 
Körpergrösse (Kress, 1968). Maximal wur- 
den bei einem 40 mm langen Exemplar 10 
Kolben jederseits gezählt. Die Kolbentuber- 
kel sind halbkugelförmig und geben dem 
Kolben als ganzem einen kompakten Ein- 
druck. Der Tuberkelapex irisiert weiss oder 
gelblich. Diese Farbe kommt sowohl durch 
die zahlreichen Kalkzellen im Epithel zu- 
stande, als auch durch die unter dem Epithel 
liegenden Wehrzellen. An der Basis der 
Tuberkel reicht die Mitteldarmdrüse naher 
an das Epithel und scheint gelb-braun 


durch das Epithel. Ausserdem findet sich 
hier eine fein disperse dunkelbraune Pig- 
mentierung. Der endstandige Tuberkel eines 
Kolbens hebt sich unter den ihm benach- 
barten Tuberkel nicht hervor, und ist genau 
so wie sie gezeichnet. Die oberste horizon- 
tale Tuberkelreihe zählt 4-6 Tuberkel. Ап 
der Kolbenaussenseite können vertikal bis 
zu 7 Tuberkelreihen, an der Kolbeninnen- 
seite bis zu 5 gezahlt werden. Bei grossen 
Exemplaren sind die untersten medianen 
Tuberkel oft zu Pseudobranchien umgebil- 
det (Kress, 1968: 247). Der After liegt 
rechts von der Medianen zwischen dem 
ersten und zweiten Kolben, die Genitaloff- 
nung unter dem ersten rechten Kolben. 

Radulae von 6-9 mm langen Tieren be- 
stehen aus 90-93 Zähnen, solche von einem 
22 mm langen Exemplar aus 96. In der 
mittleren Radularegion haben die Zahne bei 
den 6-9 mm langen Exemplaren einen Höhe 
von 23 um und eine Breite von 20 um, bei 
den 22 mm langen Exemplaren eine Hohe 
von 39 um und eine Breite von 30 um. Es 
sind jederseits des gegabelten Mittelden- 
tikels 5-6 Seitendentikel vorhanden (Abb. 
11912). 

Lloyd (1952) gibt eine vorzügliche 
Abbildung und Beschreibung des vorderen 
Genitalsitus, der in seinen wesentlichen 
Zügen demjenigen von Doto coronata 
entspricht (Abb. 22a). 

Die Körperfarbe variiert von Exemplaren 
mit einem homogen hellgelben Körper und 
fast farblosen Kopf und Schwanz über 
gelbe Schnecken mit feiner dunkelbrauner 
Sprenkelung bis zu dunkelbraunen Indivi- 
duen. An der Velumkante, dem Rhinopho- 
renscheidenrand und entlang am Fussrand 
sind regelmässig weisse Punkte anzutreffen, 
welche sich bei dunklen Tieren besonders 
deutlich abheben. Oft beobachtet man eine 
weisse Fleckung auf dem Rücken und 
gegen die Seiten hin. Diese Flecken 
beruhen auf subepithelialen Drüsen, die in 
Gruppen unter der Haut liegen und eine 
ähnliche Gestalt haben wie die Wehrdrüsen. 
Ihr Verhalten bei Osmiumfixierung ist 
jedoch von demjenigen der Wehrdrüsen ver- 
schieden (Kress, 1968: 266). Die Rhin- 
ophoren sind-entsprechend der Grundfarbe 
des Tieres—homogen gelb bis dunkelbraun. 
An der Spitze zeigen sie eine leichte Auf- 
hellung. Die mediane Kolbenbasis zeigt 
keine besondere Zeichnung, ist also hell. 
Nach Bouin-Fixierung und Alkoholauf- 
bewahrung bleibt das dunkle Pigment nicht 
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bevorzugt erhalten (Unterschied zu Doto 
rosea). 

Doto fragilis erscheint insgesamt mus- 
kulöser und in den Bewegungen langsamer 
als die übrigen Doto-Arten von Plymouth. 
Schon bei leichter Irritierung kontrahieren 
sich die Tiere stark und oft dauert es sehr 
lange bis sie sich wieder aus dieser Haltung 
lösen (vgl. Alder & Hancock, 1845-1855; 
Hecht, 1896). 

Das Laichband (Abb. 17) wird typisch 
dotoartig um die Nemertesia-stammchen 
gewunden. Die Eier haben einen Durchmes- 
ser von 77-87 um. Die Eikapseln messen im 
Mittel 191 X 101 um. Es gab Gelege, in 
denen zahlreiche Kapseln 2 Keime aufwie- 
sen. „Die Entwicklungszeit dauert bei 
10-12 C 18 Tage. Die Veligerschalen frisch- 
geschlüpfter Veliger messen im Mittel 
145 um (vgl. Kress, 1975). 

Diskussion: Art beschrieben als Meliboea 
fragilis, Subgenus Doto, Forbes, 1838: 4: 

“Animal greyish-brown, with two filiform 
tentaculae protruding from trumpet-shaped basilar 
sheath; six branchiae on each side, diminishing in 
size towards the posterior extremity. Each of 
these branchiae is subglobose in form, and com- 
posed of five or six regular whorls of lobules, 
which lobules are in themselves of a granular 
structure. These branchiae are pedunculate, but 
not furnished with sheaths at their bases, and the 
animal has the power of casting them off when 
touched or otherwise irritated. The foot is very 
narrow, and adapted for clasping the stems of 
corallines. The anus and organs of generation are 
on the right side. On the least disturbance it 
retracts its tentaculae within their sheaths, and 
not unfrequently drops a branchus.” 


Korpergestalt, Färbung und Muster 
unserer Exemplare stimmen mit der Be- 
schreibung von Alder & Hancock (1845- 
1855), Odhner (1907) und Miller (1958) 
überein. Im Unterschied zu Alder & Han- 
cock und Miller, die beide die Kolbentu- 
berkel sehr spitz zeichnen, hatten die mei- 
sten in Plymouth beobachteten Tiere eher 
halbkugelige Tuberkel. 

Generell ist mit zunehmender Körper- 
grösse eine grössere Zahl von Cerata vor- 
handen. Einige Tiere weisen aber mit 2 mm 
bereits so viele Kolben auf, wie andere mit 
13 mm (vgl. Miller, 1958; Kress, 1968). 

Doto fragilis gilt allgemein als Art, die 
bevorzugt in grösseren Tiefen anzutreffen 
ist (Hecht, 1896; Jaeckel, 1952a, b, 
97-200 m; McIntosh, 1865; Miller, 1958 
und 1962 bis 360 m). 

Für die Radula gibt Odhner (1907, 
1936) mehr als 100 Zähne an, Miller 
(1958) für ein 13 mm grosses Tier deren 


88. 

Doto fragilis umia Marcus & Marcus, 
1969 ist seither als junges Exemplar von D. 
chica erkannt worden (Marcus, 1972). Bei 
D. fragilis nipponensis Baba, 1971 ist es 
fraglich, ob es genügt, ein vom Habitus her 
beträchtlich verschiedenes Tier nur als Sub- 
species abzutrennen. Unbedingt nötig ware 
jedenfalls ein Vergleich der Genitalsysteme. 
О. fragilis nipponensis besitzt sehr ausge- 
pragte Körpertuberkel, die wir bei den D. 
fragilis in Plymouth nie fanden. Die D. 
coronata, die Vicente (1967) beschreibt, 
hat Tuberkel mit rosa Basis und weisser 
Spitze. Der Autor vermutet: “il serait une 
variete de Doto fragilis (Forbes, 1838).” 
Auf Grund der wenigen Angaben des 
Autors könnte es sich ausser um D. fragilis 
auch um D. rosea Trinchese, 1881 handeln. 

Verbreitung: Armelkanal/Englische 
Küste: Alder & Hancock, 1845-1855. 
Armelkanal/Französische Küste: Hecht, 
1896; Vayssiere, 1901b, 1913; Dautzenberg 
& Fischer, 1925; Cornet & Marche-Marchad, 
1951(?). Irische See: McIntosh, 1865; Herd- 
man & Clubb, 1889, 1890; Nichols, 1900; 
Farran, 1903; Colgan, 1914; Miller, 1958, 
1962. Norwegische Küste und Ostsee: Hoff- 
mann, 1926; Odhner, 1939; Jaeckel, 1952a, 
b(?). Arktische Gebiete: Larsen, 1925; 
Lemche, 1929, 1938. Mittelmeer: sichere 
Nachweise von Doto fragilis im Mittelmeer 
fehlen. Die Angaben von Bergh (1888) 
für Triest, Odhner (1914) für Rovigno und 
Pruvot-Fol (1953) für Banyuls sind un- 
gewiss. Bergh (1888: 27) sagt ausdrücklich: 
“Die Formenverhältnisse sind fast ganz wie 
von mir bei der Doto coronata beschrie- 
ben’’-seine D. coronata aber ist D. rosea 
Trinchese, 1881 (s. u.). 


Doto paulinae Trinchese, 1881 


Abb. 13, 22e 
Neapel 
Achtunddreissig Tiere von lebend 
3-7 mm Körperlänge aus Wasser bis zu 


30 m Tiefe lagen vor. Die Funde stammen 
hauptsächlich aus Grattatura und Posido- 
nien von der Nordküste des Golfes. Doto 
paulinae, die im Labor Obelia geniculata 
frisst, kommt in den Monaten Januar bis 
Juni vor. Achtzig Prozent aller Tiere wur- 
den im Februar und März gefangen. In 
diesen Monaten finden sich auch zahlreiche 
Gelege. 

Beschreibung nach 4 Tieren vom 27. Il. 
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АВВ. 13. Doto paulinae (Neapel). 


1968 aus Grattatura von Capo Miseno: 
Körper in der Bewegung 7 X so lang wie in 
der Pericardregion hoch und breit. Von der 
Körperlänge entfällt 1/6 auf den Schwanz. 
Das Pericard liegt am Ende des 1. Körper- 
drittels. In der Pericardregion ist der 
Körper am breitesten und höchsten. Von 
den Rhinophoren ziehen zur Oberlippe als 
seitliche Begrenzungen des Kopfes 2 
Kanten, die man als niedrige Cresten 


bezeichnen kann. Der Kopf ist nur etwa 
halb so breit wie die Pericardregion und das 
Velum steht rechts und links um die halbe 
Kopfbreite vor. Labialtentakel, wie sie Trin- 
chese angibt, fehlen. Fuss vorne und hinten 
abgerundet. 

Die Rhinophoren messen mit Rhinopho- 
renscheiden 1/4 bis 1/5 der Körperlänge. 
Sie sind schlank stabförmig. Die Hohe der 
Rhinophorenscheide beträgt ca. 1/3 der 
Rhinophorenlänge. Sie ist trichterformig, 
steht oben weit vom Rhinophoren ab und 
ist vorne bis doppelt so hoch wie hinten. 
Der Rand der Rhinophorenscheide ist 
wellig. 

Der After liegt zwischen dem 1. und 2. 
Kolbenpaar rechts von der Körpermedianen 
vor dem Pericard, die Genitalöffnung unter 
dem 1. rechten Kolben. 

Die Zahl der Radula-Zähne einer fixiert 
4 тт langen Schnecke beträgt 84. Der 
grösste Zahn ist 12 ит breit und lang. Die 
Zähne sind hufeisenförmig mit prominenter 
Mittelspitze und lichtmikroskopisch auf der 
einen Seite 2 oder 3, der anderen Seite 3 
oder 4 Seitendentikeln. 

Vorderes Genitalsystem (Abb. 22e): Das 
vordere Genitalsystem unterscheidet im 
männlichen Weg von demjenigen von Doto 
floridicola durch eine lange in zweifacher 
Windung verlaufende Prostata und einen 
Penis, der zusammen mit der ihm anliegen- 
den Scheide gleich lang und doppelt so 
dick ist wie bei einer 2-fach so grossen D. 
floridicola. Das Receptaculum liegt zwis- 
chen dem vorderen und hinteren Lappen 
der weiblichen Drüsenmasse und hat die 
gleiche Form wie u.a. bei D. floridicola und 
D. coronata. 

Fünf bis 7 mm lange Schnecken be- 
sitzen jederseits 6 Kolben, die, abgesehen 
von den beiden letzten, einander etwas 
genäherten Paaren-in gleichmassigem 
Abstand voneinander entfernt stehen. Bei 
zwei Tieren ist das 2. und 3. Ceratapaar, 
bei einem Tier das 3. und 4. Kolbenpaar 
am lángsten. Die Kolben werden т der 
Bewegung aufrecht und ein wenig nach 
hinten gelegt getragen, beim Sitzen nach 
aussen gelegt. Sie berúhren einander nor- 
malerweise nicht. Alle, auch die hintersten 
Kolbenanlagen, stehen einander streng ge- 
genüber. Die Gesamtform der Kolben ist 
schlank spindelförmig und bei Streckung ist 
die Kolbenachse ohne Tuberkel kaum brei- 
ter als das basale Insertionsstück. Letzteres 
hat einen kreisförmigen Querschnitt. Auf- 
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fallig ist der sehr grosse apikale Tuberkel 
der Kolben. Er misst bei den grössten Kol- 
ben, deren Höhe 1/7 der Körperlange be- 
trägt, etwa 1/3 bis 1/4 der Kolbenlange. 
Bei kleineren Kolben, Kolbenanlagen und 
Kolbenregeneraten misst der Endtuberkel 
bis zur Hälfte der Kolbenlange. Der Endtu- 
berkel ist apikal abgerundet, basal etwas 
eingeschnürt und stets reinweiss. Die übri- 
gen Tuberkel stehen in  regelmassiger 
Anordnung um die Kolbenachse. Die 
oberste Tuberkelreihe ist haufig regelmässig 
4-zählig, seltener 5-zahlig. Die darauffol- 
gende Reihe 4-5, eventuell 6-zahlig. Bei den 
mittelgrossen Tuberkeln enthält diese 2. 
Reihe von oben median einen kleineren, in 
Kopf-Schwanz-Richtung plattgedrückten 
und deshalb mehr vorspringenden Tuberkel 
ohne Braunpigment. Bei den grossen Cerata 
sitzen 1 oder 2 solcher Tuberkel in der 3. 
und 4. Reihe von oben. In Seitenansicht 
stehen die Tuberkel der Horizontalreihen 
streng über- und untereinander, d.h. nicht 
nur in Quer- sondern auch in Langsreihen. 
Wird die Zahl der Tuberkel in einer 
Querreihe erhöht, so bedeutet das den 
Anfang einer neuen Langsreihe. Die Ruhe- 
form der Tuberkel ist abgerundet und dem 
Kolben anliegend. Bei stark gestreckten 
Kolben, z.B. bei der Kopulation, werden 
die Tuberkel etwas nach aussen abgespreizt. 

Farbung: Der Körpergrundton ist weiss- 
gelb, die Mitteldarmdruse in den Kolben 
zeigt ein helles Kadmiumorange bis Beige. 
Die Leber reicht bis in die Tuberkel. Auf 
dem Kopf (bis zu den Crestae), dem 
Rücken, median auf den Rhinophorenschei- 
den und um die Genitalöffnung herum liegt 
ein dichtes Muster venezianisch-roter Fleck- 
en. Eine Häufung des gleichen Pigmentes 
beobachtet man median an der Kolbenbasis 
und als gleichmassige Kappe auf der oberen 
Halfte der Tuberkel, abgesehen von dem 
stets weissen Endtuberkel. Venezianisch-rot 
fehlt dagegen bei allen Tieren auf dem 
Velum, den Kopfseiten, den Rhinophoren, 
den Körperseiten, auf dem Schwanz und 
dem Fuss. Es kann bei einzelnen Tieren 
oder einzelnen Kolben auch ganz fehlen. 
Für die 4 Exemplare vom Februar 1968 
ergibt sich folgende Regel: die ersten bei- 
den Kolben tragen rundherum gut pigmen- 
tierte Tuberkel; das folgende Paar aussen 
und median oben, das 3. überwiegend 
aussen. 

Farbvarianten: Anstelle der venezia- 
nisch-roten Zeichnung findet sich haufig ein 


Umbramuster. Zwei Tiere vom 13. Il. 1968 
besitzen auf den Tuberkeln gar kein 
dunkles Pigment und nur wenig davon auf 
dem Rücken, wo es an der Kolbenbasis 
wiederum gehäuft liegt. Beide Exemplare 
haben grosse weisse Endtuberkel. Ein wei- 
teres Tier von 4 mm Körperlänge vom 13. 
|. 1968 zeigt unter der weissen Spitze des 
Endtuberkels des 1. bis 3. Kolbenpaares 
einen braunen Ring. 

Das Gelege ist ein einfaches Band. Die 
weissen Eier haben einen Durchmesser von 
60-75um und liegen in Kapseln von 
90X 75um bis 110X90um. Bei 16°C 
schlüpfen nach 10 Tagen freischwimmende 
Veliger. 

Diskussion: Art beschrieben als Doto 
paulinae Trinchese, 1881: 


“Il colore generale del corpo e grigiastro о 
giallognolo. Sul dorso trovasi una larga lista del 
colore della terra d'ombra, ora piu ora meno 
scuro, formata di cellule cromatofore. Essa si 
restringe alquanto in corrispondenza della base 
delle papille e si allarga negli spazi interbranchiali. 
Questa lista si divide nella sua estremita anteriore 
in tre corti rami, uno mediano che si stende sulla 
testa, e due lateral che si portano alla base dei 
calici dei rinofori. Le papille dorsali sono cinque 
per ogni lato; le prime quattro sono piriformi, 
allungate, e munite di papilline grosse e corte. La 
papillina dell'apice e lunghissima e forma quasi la 
meta della lunghezza della papilla. All'apice di 
ogni papillina, eccettuata la mediana, trovasi una 
larga macchia formata di cellule cromatofore del 
colore della terra d'ombra. La papillina dell’apice 
e bianca. Le due ultime papille sono prive di 
papilline. | lobi epatici sone d'un colore giallog- 
nolo o isabellino. | rinofori sono piuttosto grossi 
e lunghi, con calici discretamente larghi, a margini 
lisci e tagliati obliquamente. Il velo € rudi- 
mentale." 

Pruvot-Fol (1954: 407, 408) vermutet, 
Doto styligera Hesse, 1872, und D. pauli- 
nae Trinchese, 1881, seien moglicherweise 
Beschreibungen von Jungtieren. Auch 
unsere grössten Exemplare waren nur 7 mm 
lang, nach Radula, Ausbildung des vorderen 
Genitalsystems, Kopulationen und Eiablage 
aber zweifellos adult. Die Art ähnelt in 
ihrer Kolbenform mit extrem grossem 
Apikaltuberkel D. floridicola. Sie ist anato- 
misch durch eine langere Prostata, doppelt 
so grossen Penis aber nur etwa halb so 
grosse Radula-Zahne bei gleicher Korper- 
grösse unterschieden. D. paulinae hat 
charakteristischerweise Kolben mit 4-zahli- 
ger oberster Tuberkelreihe und regelmässig 
sowohl in Querreihen, wie auch in Längsrei- 
hen angeordnete Tuberkel. Ausserdem ist 
bei D. paulinae der apikale Tuberkel aller- 
meist opakweiss, bei D. floridicola aber rot 
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oder braun. Bei D. paulinae findet sich 
dunkles Pigment auf dem Rúcken gehauft 
an der Kolbenbasis, fehlt aber an den Kor- 
perseiten, wahrend bei D. floridicola um- 
gekehrt die Region um die Kolbenbasis 
pigmentfrei bleibt, die Korperseiten aber 
pigmentiert sind. 

Doto styligera Hesse, 1872, hat eben- 
falls einen sehr grossen Endtuberkel, dieser 
scheint nach Beschreibung und Abbildung 
zwar unpigmentiert, doch nicht opakweiss. 
Ausserdem sind die Tuberkel “allonges et 
saillants,”’” nach der Abbildung (vgl. z.B. die 
unterste Tuberkelreihe des 2. rechten Kol- 
bens) sogar von ausgesprochen fingerformi- 
ger Gestalt. Gemass Hesses Abbildung schei- 
nen die fingerförmigen Tuberkel dem Kol- 
ben relativ dicht angelegt zu werden. Doto 
paulinae hat abgerundete Tuberkel. Mogli- 
cherweise ist D. styligera die "spitze 
Variante’’ von D. coronata. Zur Problematik 
der Hesse’schen Dotos vgl. Pruvot-Fol 
(1931). 

Verbreitung: Napoli (Schmekel, 1968b), 
Marseille (Vicente, 1967), Villefranche 
(Portmann und Baur-Bousani, 1955-1958, 
mündliche Mitteilung). 


Doto pinnatifida (Montagu, 1804, als Doris) 
АБЬ: 14) 15, 18,197 22e 
Ply mouth 


Tritonia pinnatifida. Fleming, 1842: 284. 

Alle Tiere stammen aus dem Plymouth 
Sound und unmittelbar angrenzenden 
Gebieten. Untersucht wurden 82 Exemplare 
von 1,5-25 mm Körperlänge. Sie wurden in 
den Monaten Mai bis Oktober vorwiegend 
auf Nemertesia antennina von oberflachen- 
nahen Zonen bis zu 75m (Eddystone) 
gedretscht. Im Labor sind die Tiere ziem- 
lich aktiv. Bei Berührung werfen insbe- 
sondere grosse Exemplare ihre Ruckenkol- 
ben leicht ab, kleinere erst bei stärkerer 
Störung. 

Lebend gestreckt ist Doto pinnatifida 
etwa 6X so lang, wie in der Pericardregion 
maximal breit und hoch. Die kolbenfreie 
Schwanzstrecke beträgt bei kleineren Exem- 
plaren 1/8, bei sehr grossen Exemplaren 
nur noch 1/14 der Körperlänge. Der Fuss 
ist etwa so breit wie der Körper und hat 
abgerundete Vorderecken. Das Velum ist 
unabhängig von der Grösse der Tiere sehr 
unterschiedlich ausgebildet. Bei deutlicher 
Ausprägung sind seine beiden seitlichen 
Lappen je etwa so breit wie der Kopf 
selbst. Auch die Höhe der Cresta zwischen 


Rhinophorenscheide und Velum variiert in- 
dividuell stark. Häufig ist die Cresta in der 
Mitte etwas vorgewölbt und mit einem 
schwarzen Pigmentfleck versehen. 

Die stabförmigen Rhinophoren verjüngen 
sich nach oben zu leicht. Sie sind trans- 
parent weiss, selten an der Basis etwas 
gelblich. Weiss-irisierende Drüsen- und Wehr- 
zellen liegen gehäuft an der Rhinophoren- 
spitze. Wie bei den meisten Doto-Arten 
zeigen die Rhinophorenscheiden je nach 
Alter der Tiere ein recht verschiedenes Aus- 
sehen; bei jungen Tieren sind sie zylind- 
risch, oben eng und haben einen glatten, 
unpigmentierten Rand. Bei Exemplaren 
über 4 mm Körperlänge zeigt sich die Ten- 
denz einer zunehmenden Wellung des Schei- 
denrandes. Der Scheidenrand wird nach 
vorne stärker ausgezogen als caudal und 
zeigt vereinzelte Pigmentflecken und durch- 
schimmernde Wehrzellen. Mit zunehmender 
Grösse der Schnecken wird der Scheiden- 
rand immer stärker ausladend, vermehrt 
pigmentiert und mit Wehrzellen versehen. 
Die Höhe der Rhinophorenscheide beträgt 
ca. 1/3 der Länge des gestreckten Rhino- 
phors. 

Ein bis 2 mm lange Tiere tragen jeder- 
seits 5 Cerata, 25 mm lange Tiere je- 
derseits 12. Die Anzahl der Kolbenpaare 
steht also in Relation zur Körperlange 
unterliegt darüber hinaus aber auch starken 
individuellen Schwankungen (vgl. Kress, 
1968). Die Kolben inserieren bis nahe an 
die Schwanzspitze. Bei den meisten Exem- 
plaren ist der zweitvorderste Kolben der 
grösste. Seine Höhe betragt bei kleinen 
Exemplaren bis zu 1/3 der Körperlänge, bei 
älteren, grossen Tieren nur 1/4 bis 1/5 der 
Körperlänge. Die Kolbentuberkel sind läng- 
lich und etwas abstehend mit einem dun- 
kelbraunen oder schwarzen endstandigen 
Fleck. In der obersten Reihe stehen 4-7 
Tuberkel. An der Kolbenaussenseite finden 
sich bei grossen Kolben adulter Tiere 4-7 
Tuberkelreihen, an der Kolbeninnenseite 
3-5. Die untersten beiden medianen Tuber- 
kel können zu Pseudobranchien umgestaltet 
sein. Es besteht eine gewisse Abhängigkeit 
zwischen der Dichte, in der die Kolben 
inserieren und der Anzahl der ausgebildeten 
Pseudobranchien. Bei dichtstehenden 
Kolben zeigen mehr Kolben grössere Pseu- 
dobranchien. Pseudobranchienbildung setzt 
erst bei Tieren von mindestens 6 mm Kor- 
perlänge ein (Tab. 4). Fortsätze der traubi- 
gen Mitteldarmdrüse reichen bis in die 
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ABB. 14. Doto pinnatifida (Plymouth). ABB. 15. Doto pinnatifida (Plymouth). 


ABB. 16. Doto coronata, Laich, Lánge des Bandes 10 mm. 
АВВ. 17. Doto fragilis, Laich, Länge des Bandes 22 mm. 
ABB. 18. 


Doto pinnatifida, beide Laichbánder von einem 20 mm langen Tier innerhalb von 24 Std. 
abgelegt. Bandlánge je 35 mm. 
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Tuberkel hinein, jedoch nicht in die Pseu- 
dobranchien. 

Korpertuberkel sind fingerformige Epi- 
dermisausstulpungen von 0,1-2 mm Länge, 
die Bindegewebe, oft 1 bis 2 Wehrzel- 
len und an der Spitze Pigment enthalten. 
Sie kommen auf dem Rucken besonders 
gegen den Kopf zu in unregelmässigen 
Gruppen vor. Auf den Körperseiten stehen 
sie vereinzelt oder in 1-2 unvollständigen 
Längsreihen. Bei Exemplaren unter 3mm 
Körperlänge fehlen Körpertuberkel aller- 
meist. Bei 4-6 mm grossen Tieren sind sie 
nur vereinzelt anzutreffen und willkürlich 
über den Körper verstreut. Erst bei gros- 
seren Exemplaren kommen Körpertuberkel 
regelmässig vor und können dann an den 
Körperseiten jederseits 1-2 kontinuierliche 
Längsreihen bilden. 

Der After liegt rechts von der Körper- 
medianen zwischen dem 1. und 2. Kolben- 
paar, die Genitalöffnung unter dem ersten 
rechten Kolben. 

Die Radulae von 6-8 mm grossen Tieren 
haben 90-92 Zahne; ein 14mm langes 
Exemplar besitzt 100 Zähne. Bei diesem 
Letzteren sind die mittleren Zahne 25 um 
hoch und breit. 

Vorderes Genitalsystem (Abb. 19, 22c) 
einer fixiert 7 mm langen Schnecke: Die 
Ampulle ist ein weiter, in U-förmiger 
Schleife gelegter Schlauch, der postampul- 
lare Zwittergang kurz. Das Vas deferens 
beginnt als ein enger Gang, erweitert sich 
zu einer drüsigen, leicht schlauchförmig 
erweiterten Prostata und geht in einen viel- 
fach gewundene engen Ductus ejaculatorius 
über, der in eine breite kegelformig zuge- 
spitzte Penisscheide eintritt. Die Recepta- 
culumblase ist schlank eiformig. Das Recep- 
taculum liegt zwischen den Lappen der 
weiblichen Drüsenmasse in der gleichen 
Bucht wie der postampullare Zwittergang. 
Es mündet mit einem langen, engen Stiel 
neben Penis und Ovidukt. Das Genitalsys- 
tem gleicht also demjenigen von D. coro- 
nata. Zwar wirkt die Befruchtungskammer 
etwas schlanker, der Penis breiter und 
kürzer. Beides aber sind stark funktions- 
abhängige Merkmale ohne nomenklatorischen 
Wert. 

Färbung: Tiere unter 6 mm Körperlänge 
sind überwiegend transparent farblos mit 
nur wenigen vereinzelten braun-schwarzen 
Pigmentflecken zwischen den Rhinophoren- 
scheiden und am Velumrand. Die Gonaden 
und die Mitteldarmdruse schimmern orange 


0,5mm 


АВВ. 19. Doto pinnatifida, Vorderer Genitalkom- 
plex (vgl. Abkürzungen Abb. 3). 


bis rosa durch die Epidermis. Grössere 
Exemplare sind oft hellgelb mit dicht braun 
pigmentierten Rücken. Um die Kolbenbasis 
herum können helle Höfe ausgespart sein 
und zwischen den Kolben eine dichtere 
Braun-Pigmentierung auftreten. Haufig 
kommen auch sehr kräftig gelb gefarbte 
Schnecken vor mit unregelmassiger, sehr 
feiner Braun-Pigmentierung. Bei beiden 
Varianten ist der Velumrand im allgemei- 
nen rundherum prägnant mit braun-schwar- 
zen Pigmentflecken versehen. Mit zuneh- 
mender Körpergrösse werden die Körperan- 
hänge immer extensiver ausgebildet, wird 
die Gelbfärbung intensiver und die Braun- 
Pigmentierung stärker, wodurch die Eigen- 
farbung der Gonaden und der Mitteldarm- 
drüse stärker überdeckt werden. 

Der Laich (Abb. 18) wird als stark 
gewundenes Band in typischer Doto-weise 
um die Hydroidenstammchen gewunden. 
Die Länge des aufgewundenen Bandes 
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beträgt bis zu 3,5 ст, die Breite bis zu 
0,5 ст. Die Farbe ist weiss oder rosa, 
wobei eine Schnecke kurz hintereinander 
weissen und rosa Laich ablegen kann. Der 
Eidurchmesser beträgt 91-108 ит. Die 
Eikapseldurchmesser liegen im Mittel bei 
137 X 114um. Die Entwicklungsdauer 
beträgt bei 10-12°C 16 Tage. Die Eikapseln 
enthalten normalerweise nur 1 Ei. Die 
frischgeschlüpften freischwimmenden Veli- 
ger haben eine Schalenlange von 160 um. 
Die Veliger wurden nach dem Schlupfen 
mit /sochrysis gefüttert, wuchsen gut heran, 
starben aber alle nach 8-9 Tagen, ohne sich 
auf den beigefügten Vemertesia niederzulas- 
sen und zu metamorphosieren (vgl. Kress, 
1975). 

Diskussion: Art beschrieben als Doris 
pinnatifida, Montagu 1804: 78: 


“The front rounded; body slender, somewhat 
tapered; colour gray, spotted with olive green; on 
the fore part two trumpet-shaped tentacula, ter- 
minated by a retractile filiform appendage; along 
the back are two rows of pedunculous appen- 
dages, longer than the diameter of the body; 
these are of a conic shape, each composed of five 
or six series of blue gray papillae, marked with a 
black spot at their tips: the stem or centre part 
of the peduncle is a mixture of olive green and 
rufous brown.” 


Doris maculata Montagu, 1804, wurde 
in der gleichen Arbeit wie Doris pinnatifida 
publiziert. Nach der Beschreibung scheint 
es sich aber nicht ebenfalls um Doto pin- 
natifida zu handeln, wie Alder & Hancock 
(1845-1855) vermuten, denn Doris macu- 
lata fehlt jegliche schwarze oder braune 
Pigmentierung auf den Tuberkelspitzen, 
obwohl Montagu grössere Exemplare vor 
sich hatte. 

Doto pinnatifida war immer eine um- 
strittene und nicht klar umrissene Art. 
Diese Unsicherheit zeigt sich auch darin, 
dass Eliot (1910) 3 Varietäten beschreibt, 
die unseres Erachtens auf Altersunterschie- 
den und Farbvarianten beruhen: Die 
Varietat “splendida'” umfasst Tiere unter 
5mm und Eliots Beschreibung entspricht 
genau dem Aussehen unserer jungen Exem- 
plare bis zu 4 тт Körperlänge. Typisch für 
diese Grösse sind die sehr geringe Pig- 
mentierung, die fehlende oder nur sehr 
schwach ausgebildete Cresta, die wenig 
skulpturierten Rückenkolben, die manch- 
mal fehlenden schwarzen Punkte auf den 
Kolbentuberkeln und die nur sehr verein- 
zelt anzutreffenden Körpertuberkel. Als 
Varietat “nigra” wird von Eliot eine inten- 
sive gelbe Form beschrieben. Es handelt 


sich um grossere Tiere mit starkerer Pig- 
mentierung, gewellten Rhinophorenschei- 
den-Randern, breitem Velum und deut- 
licher Cresta. Körpertuberkel sind zwar vor- 
handen, aber nicht so zahlreich und nicht 
in der geometrischen Anordnung, wie Alder 
& Hancock (1845-1855) dies aufzeichnen. 
Eliot nennt diesen Körpertuberkelbesatz 
deshalb auch unvollstandig. Diese Variante 
von D. pinnatifida kommt in Plymouth in 
vielen Nuancen vor. Als Varietat “papilli- 
fera’' bezeichnet Eliot endlich Tiere, die 
10 mm lang sind und in Form und Färbung 
der Beschreibung von Alder & Hancock 
(1845-1855) entsprechen. Der Name rührt 
daher, dass bis zu 0,75 mm lange Körpertu- 
berkel zahlreich auf dem Rücken und in 
mehr als einer Langsreihe auf den Körper- 
seiten stehen. Diese Unterteilung in Varie- 
taten ist deskriptiv hilfreich, nomenklato- 
risch jedoch irreführend. Festzuhalten 
bleibt, dass altere Tiere durchschnittlich 
tiefer gelb sind, starker braun pigmentiert 
und dass sowohl Rhinophorenscheiden wie 
auch Kolben extensiver ausgeformt werden. 
Dazu kommt bei grösseren Exemplaren al- 
lermeist eine grössere Zahl von Körpertu- 
berkeln. Die Auspragung der Cresta variiert 
bei gleicher Dehnung des Kopfes individuell 
sehr stark. 

Unsere Beobachtungen an Doto pinnati- 
fida stimmen mit den Angaben von Miller 
(1958) gut überein. 

Verbreitung: Ärmelkanal/Englische Küste 
und Kanalinseln: Montagu, 1804; Alder & 
Hancock, 1845-55; Garstang, 1889, 1890; 
Beaumont, 1900(?). Armelkanal/Franzö- 
siches Küste: Hecht, 1896; Vayssiere, 
1901b, 1913; Dautzenberg & Fischer, 
1925; Tolmer, 1934; Cornet € Marche- 
Marchad, 1951 (?). Nordsee: Johnston, 
1835; Elmhirst, 1908. Irische See: Nichols, 
1900; Farran, 1903. Der südlichste Fund 
im Atlantik liegt bei Brest (Fischer, 1872). 
Weder Tardy (1962) noch Bebbington & 
Thompson (1968) erwähnen in ihren Fau- 
nenlisten von der lle de Re bzw. vom 
Becken von Arcachon, Doto pinnatifida. 
Aus dem Mittelmeer liegen keine Angaben 
vor. Im Marz 1964 fand Kress jedoch in 
Banyuls-sur-Mer ein Exemplar von 12 mm 
Lange mit allerdings nur 5 Kolbenpaaren, 
das möglicherweise ein Doto pinnatifida der 
gelben Variante war, mit zahlreichen Kör- 
pertuberkeln, ausgeprägter Cresta auf dem 
Velum und schwarzen endständigen Fleck- 
en auf den Kolbentuberkeln. In Neapel 
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wurde D. pinnatifida bisher nicht gefunden 
(zur D. pinnatifida von Schmekel 1968b 
vgl. D. acuta n. sp.). 


Doto rosea Trinchese, 1881 
Abb. 20, 21 
Neapel 


D. coronata A. Costa, 1867: 30, Taf. II, 
[92 

Non D. coronata (Gmelin, 1791) 

О. aurita Hesse, 1872(?) 

D. coronata Bergh, 1878: 577, Taf. VIII, 
Fig. 17-27 

D. aurea Trinchese, 1881: 92, Taf. LVII 

О. стегеа Trinchese, 1881: 92, Taf. LV, 
ANS 

D. cinerea Vayssière, 1888: 102, Taf. II, 


Fig. 5 

D. fragilis Bergh, 1888 (?) 
Non D. cinerea Eliot, 1906: 153 
D. cinerea Pruvot-Fol, 1951: 49, Taf. IV, 

Fig. 8, 10. 

Sechsundzwanzig Exemplare von 2- 
12 mm Körperlänge aus bis zu 15 m Tiefe 
standen zur Verfügung. Die Funde stam- 
men hauptsächlich aus Eudendrium-Grat- 
tatura von der Nordküste des Golfes (Nisi- 
da), wahrend der Monate Marz bis 
September mit einem Maximum im 
September. 

Beschreibung einer Schnecke von 
8,5 mm Körperlänge auf Eudendrium (Nisi- 
da), aus 15 m Tiefe vom 13. 9. 1972: 

Körper in Bewegung etwa 7 mal so lang 
wie in der Pericardregion hoch und breit. 


ABB.20. Doto rosea (Neapel). 
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ABB.21. Doto rosea, Vorderer Genitalkomplex 
(vgl. Abkürzungen Abb. 3). 


Von der Körperlänge entfällt 1/8 auf den 
kolbenfreien Schwanz. Fuss schmal, vorne 
ganzrandig und hinten zugespitzt. 

Velum klein, seitlich fast nicht ausgezo- 
gen und etwas schmaler als die maximale 
Körperbreite. Zwei niedrige Crestae laufen 
vom Velum zu den Rhinophorenscheiden. 
Die Rhinophoren messen mit der Rhino- 
phorenscheide 1/4 der Körperlänge, wobei 
die Scheiden 1/3 der Rhinophorenlänge 
ausmachen. Die Rhinophoren sind stabför- 
mig und nach terminal ein wenig verschma- 
lert. Die Rhinophorenscheiden sind 
schlanke, den Rhinophoren eng anliegende 
Trichter. Sie sind nur oben ganz leicht 
erweitert und haben einen schwach gekerb- 
ten Rand. Vorne sind sie nur wenig höher 
als hinten. 

Diese beschriebene 8,5 mm lange 
Schnecke trägt jederseits 7 je nach Kon- 
traktionszustand ellipsoide bis rundliche 
Kolben. Der Abstand zwischen dem 1. und 
2. Kolben jeder Seite ist grösser als der 
Abstand der darauffolgenden Kolben. Die 
Kolben werden bis zum 4. grösser, dann 
wieder kleiner. Der 1. Kolben misst 2 mm 
in der Hohe, der vierte 3 mm. Die Tuberkel 
auf den Kolben stehen in Querreihen, 
Tuberkel-Längsreihen sind nicht erkennbar. 
Alle Tuberkel sind rundlich, terminal ab- 


gerundet und etwas zum Kolben hin abge- 
flacht. Die Tuberkelbasen innerhalb eines 
horizontalen Zirkels berühren einander. An 
den grössten Kolben stehen aussen 5 hori- 
zontale Tuberkelreihen. Von diesen sind 
nur die obersten beiden vollzahlig. Der 
oberste Tuberkelring zahlt 5, der nächst 
tiefere 7 Tuberkel. Der apikale Endtuberkel 
ist bei der 8,5 mm langen Schnecke kaum 
grösser als die übrigen. Bei kleineren Exem- 
plaren ist er proportional grösser und kann 
bis zu 1/5 der Kolbenlänge messen. Die 
Kolben der 2. bis 5. Kolbenreihe tragen 
median Pseudobranchien. 

Die Genitalöffnung liegt als kleine 
weisse Papille unter dem 1. rechten Kolben, 
der After auf einer relativ langen Papille 
zwischen dem 1. und 2. rechten Kolben 
etwas median von der Kolbenansatzlinie. 

Vorderes Genitalsystem (Abb. 21), 
prapariert an 2 Tieren von lebend 6 und 
8mm Korperlange: die Ampulle ist ein 
weiter, schwach U-förmig gebogener 
Schlauch, der postampullare Zwittergang 
lang. Nach seiner Abzweigung vom Zwitter- 
gang tritt das Vas deferens am proximalen 
Ende in die Prostata ein. Die Prostata ist 
proximal sehr weit, verschmalert sich distad 
kontinuierlich und lauft etwas gewunden 
auf die Basis der Penisscheide zu. Neben 
dieser biegt das Vas deferens um ca. 180° 
zuruck, um als enger Ductus ejaculatorius 
dicht an der Penisscheide entlang wieder 
proximad zu laufen. Die Penisscheide ist 
fast zylindrisch, lang und von relativ gerin- 
gem Durchmesser. Das Receptaculum 
inseriert mit weiter Offnung neben der 
Penisscheide. Sein Gang verengt sich proxi- 
mal und beschreibt mindestens zwei Win- 
dungen. Die schlank birnenförmige Re- 
ceptaculumblase, welche auf Abb. 21 zwis- 
chen Penis und weiblicher Drüsenmasse hin- 
ter dem Receptaculumstiel liegt, sitzt dem 
Receptaculumstiel um 180° abgewinkelt 
auf, d.h. ihr Ende weist wieder in Richtung 
Genitalöffnung und nicht körpereinwärts. 

Die Radula einer fixiert 5 mm langen 
Schnecke hat 75 Zähne von maximal 
20 um Breite. Zahn hufeisenförmig mit ca. 
3 Seitendentikeln jederseits. 

Die Korpergrundfarbe ist weisslich. Auf 
dem Rucken liegt eine feine braune Mar- 
morierung, die median auf dem Kopf aus- 
lauft. Körperseiten und Fussoberseite sind 
ebenfalls braun punktiert. Auf den Tuber- 


АВВ. 22. Schematischer Vergleich der Genitalsysteme: a Doto fragilis und Doto coronata, b Doto doerga, 
c Doto pinnatifida, d Doto acuta, e Doto paulinae, f Doto floridicola. 
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keln fehlt jede dunkle Pigmentierung, doch 
zeichnet ein markanter braunschwarzer 
Fleck median die Kolbenbasis. Er lauft in 
die Pseudobranchie aus. Zentral in den Kol- 
ben ist der Leberschlauch dunkelrotbraun. 
Seine Fortsätze reichen nicht bis in, son- 
dern nur bis unter die Tuberkel, die dicht 
mit Drüsenzellen gefüllt sind und daher hell 
sienna erscheinen. Opakweiss liegt in 
Tupfen auf den Pseudobranchien, am Rhi- 
nophorenscheidenrand und Velumrand. Die 
Rhinophoren tragen rundherum in ihrer 
ganzen Länge von der Scheide bis zur 
Spitze grosse opakweisse Punkte, die hin- 
gegen auf dem Rücken und an den Körper- 
seiten fehlen. 

Das Gelege ist bandformig. Die weissen 
Eier haben einen Durchmesser von 
60-80 um. Freischwimmende Veliger 
schlüpfen bei 16° nach 13 Tagen. 

Von den übrigen Tieren des gleichen 
Fanges hat eines eine tief braune, ein 
anderes eine orange Mitteldarmdruse. An 
20 Tieren von 4-12 mm Körperlänge von 
Oktober 1974 fallt auf, dass bei den gros- 
seren Exemplaren die Rhinophorenscheiden 
oben, insbesondere vorne, weit ausladend 
sind und stärker gekerbt als bei kleineren 
Tieren. Die Rhinophoren verschmalern sich 
bei diesen grossen Tieren nach oben stark. 
Sämtliche Tiere des Fanges zeigen die 
schwarzen Flecken oder die halbkreisfor- 
mige Zeichnung an der inneren Kolben- 
basis. Die zentral dunkelrotbraune Mittel- 
darmdrüse wird von Drüsen in der Epider- 
mis, die von weiss und gelb bis schwarz 
getont sein können, überlagert. Diese Drü- 
sen schimmern bei auffallendem Licht 
leicht blaulich. Fussoberseite schwarz ge- 
tupft. Pseudobranchien sind bei allen 
Exemplaren vorhanden. Auffällig ist, dass 
die dunkle Pigmentierung des Rückens, des 
Kopfes, des Velums, der Körperseiten und 
des Pseudobranchienastes als tief blau- 
schwarze Zeichnung nach Bouin-Fixierung 
und Alkoholaufbewahrung erhalten bleibt. 

Diskussion: Art beschrieben als Doto 
rosea Trinchese, 1881: 


“Colore generale del corpo giallo, sparso di 
piccole cellule cromatofore nere o del colore della 
terra d’ombra molto scuro. Il velo e rudimentale; 
le papille dorsali sono piuttosto allungate e mu- 
nite di papilline corte ed arrotondate, il cui apice 
e bianco-opaco. Ogni papilla à munita, alla sua 
base, di una macchia nera formata di cellule 
cromatofore. | lobi epatici branchiali sono d'un 
colore roseo vivo. Le papille sono in numero di 
sei a ciascun lato. | rinoforí sono azzurrognoli o 
grigiastri e sparsi di piccoli punti biachi. | calici di 


questi organi sono ornati di macchie simili per 
colore e forma a quelle del corpo. Il piede € 
giallastro e trasparente e sparso di piccole mac- 
chie simili in tutto a quelle del corpo.” 


Die Art ist 1881 von Trinchese auf der 
gleichen Seite seiner Monographie zweimal 
unter verschiedenen Namen beschrieben 
worden und zwar als Doto rosea vor D. 
cinerea, weshalb Pruvot-Fol (1954) D. cine- 
rea in die Synonymie verweist. Die Art ist 
ausserlich durch stark abgerundete, regel- 
massig in Reihen angeordnete Tuberkel und 
den scharf abgesetzten schwarzen, an der 
medianen Kolbenbasis hochziehenden Pig- 
mentast sehr gut charakterisiert. A. Costa 
(1867) hat, wie aus seiner Abbildung und 
seinem Text zweifelsfrei hervorgeht, diese 
Art als D. coronata beschrieben und Neap- 
ler Exemplare dieser Art als D. coronata an 
Bergh weitergegeben. Bergh’s Beschreibung 
von D. coronata (1878) gilt also in Wirk- 
lichkeit für D. rosea Trinchese, 1881 und 
möglicherweise ebenso seine Beschreibung 
von D. fragilis (1888, ?). Eliot's D. cinerea 
(1906) hat “irregularly arranged, rather 
elongate”” blauschwarze bzw. blauweisse Tu- 
berkel mit weisser Spitze. Es ist aufgrund 
dieser und weiterer Angaben von Eliot 
hochst unwahrscheinlich, dass es sich bei 
seiner Art von Cape Verd Islands wirklich 
um D. rosea Trinchese handelt. 

Doto rosea gleicht ausserlich in man- 
chem D. fragilis, unterscheidet sich von ihr 
aber relativ leicht durch weisse Rhinopho- 
ren (D. fragilis: dunkle Rhinophoren), enge 
Rhinophorenscheiden (D. fragilis: weit aus- 
ladende Rhinophorenscheiden), sehr stark 
abgerundete, fast ‘‘pilzformige’’ Tuberkel 
und den schwarzen Ast an der medianen 
Kolbenbasis. 

Verbreitung: Genua: Trinchese, 
Villefranche: Portmann und Baur-Bousani 
1955 (mündliche Mitteilung). Banyuls: 
Portmann und Bousani 1950 (mündliche 
Mitteilung); Pruvot-Fol, 1951. Marseille: 
Vayssiere, 1888. Portugal (Sines): Oliveira, 
1895. 


1881. 


DISKUSSION 


Fortpflanzungsbiologie: Tabelle 3 gibt 
eine Zusammenstellung der Laichdaten. Wie 
daraus hervorgeht, haben Doto coronata, D. 
paulinae und D. rosea die kleinsten Eier 
mit einem Durchmesser von 60-80 um, die- 
jenigen von D. fragilis und D. doerga sind 
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TABELLE 3. Zusammenstellung von Eigróssen, Gelegeform und Entwicklungszeiten. Jede Zeile betrifft 
das Gelege einer anderen Schnecke. N = Napoli, P = Plymouth. 


Temp. Entw.- Metamor- Eihülle Ei d 
Art ME dauer phose nach mm mm Farbe Form 

D. acuta N 16° 18d 2d 0,19X0,12 0,12 weiss 
16 16d 3d 0,19X0,12 0,11 weiss Ballen oder 
16° 19d im Ei 0,18X0,12 0,12 weiss kurzes Band 
16° 20d im Ei = = weiss 

D. coronata N 16° 10d 0,11X0,09 0,075 weiss 
16° 8d 0,11X0,08 0,075 weiss 
18° 8d = = weiss Band 
18° 8d = — weiss 
18° 8-94 = = weiss 

D. coronata P 10° 11-13d 0,10X 0,08 0,064 weiss Band 
20° 8d = 0,079 weiss 

D. doerga N 16° 6d 0,12X0,09 0,09 weiss 
16° 7d 0,11X0,09 0,075 weiss Band 
16° 8d = = weiss 

D. fragilis P 10° 17-18d 0,19X0,10 0,077  weiss Band 
20° 104 = 0,086 weiss Е 

D. paulinae N 0,11X0,09 0,075 weiss 

0,11X0,09 0,075 weiss Band 

16% 10d 0,09X0,075 0,06 weiss 

D. pinnatifida © 10° 16d 0,14X0,11 0,09 weiss 
А 8d = 0,108 rosa Band 
‘20° 9d = 0,10 weiss 

D. rosea N 16° 13d - 0,07 weiss Band 


mit 75-90 um etwas grösser. Es folgt D. 
pinnatifida mit 91-108 um. Die grössten 
Eier mit 110-120 um aber hat D. acuta n. 
sp., eine der kleinsten Arten, die bisher nur 
mit Exemplaren bis maximal 7 mm Körper- 
länge angetroffen wurden. Die Entwicklungs- 
zeiten bis zum Schlüpfen können bei kon- 
stanter Temperatur variieren. Bei 16° hat 
D. doerga mit 6-8 Tagen die kürzeste 
Entwicklungszeit, D. acuta aber, die Art 
mit den grössten Eiern also, hat mit 16-20 
Tagen die langste Entwicklungsdauer. Dabei 
schlüpfen bei D. acuta aus einigen Gelegen 
nach 16 Tagen freischwimmende Veliger, 
die 3 Tage später metamorphosieren; in den 
meisten Gelegen aber metamorphosieren die 
Veliger in der Eikapsel und schlüpfen nach 
19-20 Tagen als schalenlose Jungschnecken. 
Bei allen übrigen Arten (Tab. 3) schlüpfen 
freischwimmende Veliger, die innerhalb der 
nächsten 1-2 Wochen im Labor nicht meta- 
morphosieren, sondern nach dieser Zeit 
eingehen. Für D. coronata stimmt bei 
gleicher Temperatur die Entwicklungsdauer 
in Neapel und Plymouth überein. Auffal- 
lend ist, dass eine Erwärmung von 10° auf 
20 C für D. coronata eine Entwicklungsbe- 
schleunigung von 5-6 Tagen bedeutet, für 
D. pinnatifida eine solche von 6-7 Tagen 
und für D. fragilis von 7-8 Tagen. D.h. je 


langer die artspezifische Entwicklungsdauer 
bei 10°C ist, desto ausgeprägter wird die 
Verkürzung der Entwicklungszeit bei 
Erhöhung der Temperatur (Tab. 3). 

Radula: Alle hier untersuchten Doto- 
Arten haben im Prinzip die gleiche Zahn- 
form (Tab. 4). Da die Zähne ausserordent- 
lich klein sind, ist die Dentikelzahl und 
-gestalt lichtmikroskopisch nicht sicher 
erkennbar. Das Raster-Elektronenmikroskop 
zeigt durchweg mehr Dentikel als vorher 
lichtmikroskopisch gezählt wurden. Die 
REM- und LM-Angaben von Tab. 4 dürfen 
daher nicht unmittelbar miteinander vergli- 
chen werden. Die Raster aufnahmen (Abb. 
7, 11, 12) verdeutlichen prägnant, wie stark 
und z.T. rythmisch, die Gestalt der aufein- 
anderfolgenden Zahne innerhalb eines 
Bandes variiert. Die Zahngrösse wachst be- 
deutend mit der Körpergrösse, doch wird 
die Anzahl der Zähne pro Radula mit zu- 
nehmender Tierlange nur gering vermehrt. 
Die kleinste Zahnzahl hat Doto coronata 
mit 55-68 Zähnen, die höchste D. pinnati- 
fida mit 90-100 Zähnen. 

Cerata und Pseudobranchien: Die 
Anzahl der Kolben pro Körperlänge gibt 
keinen Hinweis auf die Artzugehörigkeit 
(Tab. 1, 4). Zudem können die Doto-Arten, 
wie die meisten Nudibranchia vorzüglich 
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TABELLE 4. Kolbenzahl, Zahnzahl und Zahngrösse bei verschiedener Körperlänge. Auftreten von Pseudo- 
branchien, Körpertuberkeln und Autotomie. LM = Lichtmikroskop, REM = Rasterelektronenmikroskop; 


N = Napoli, P = Plymouth. 


Kolben- Länge 


Zahnlänge Seitendentikel Pseudo- 


Körper- Maximale 


Art paare mm Zahnzahl mm jederseits  branchien tuberkel Autotomie Länge mm 
D. acuta N 4 3 728 0,012 34 LM — - fast nicht 7 
6 4 - — 
О. coronata P 3 25 55 0,008 
4 60 0,018 
4 5 64 = + — : 
6 7 68 0,023 4-5 ВЕМ ou leicht 15 
9 9 58 0,024 
9 15 
D. coronata N 215 68 0,015 2-3 LM 
3 68 0,013 2-3 LM 
5 4 — — leicht 9 
6 5 
7 7 
О. cuspidata Р 6 5 
7 - A si 12 
И 10 ab8mm аб 8 тт 
8 12 
D. floridicola N 2 90 0,018 4 LM 
5 5 90 0,018 3-4 LM — = 10 
7 6 wenig 
D. fragilis P 6 90 0,023 
7 9 93 0,023 5-6 REM 
8 17 40 
22 96 0,039 + — leicht 
U 30 ab8mm 
10 40 
D. paulinae N E 3 84 0,012 34 LM + 0 fact nicht 5 
D. pinnatifida P 6 90 0,025 4 LM 
8 92 0,025 + - 25 
8 10 ab6mm ab6mm 
9 14 100 - leicht 
10 20 
D. rosea N 7 3 
6 5 75 0,02 3 LM + — wenig 
5 7 12 
7 8 


hungern können, dabei aber kleiner werden 
und die gleiche Kolbenzahl behalten. So 
kann man gleichgrosse Exemplare einer Art 
mit recht unterschiedlicher Kolbenzahl an- 
treffen. Ganz grob gesagt ist bei Exem- 
plaren bis etwa 6 mm meist die Anzahl der 
Kolbenpaare gleich oder etwas höher als die 
Körperlänge lebend in mm. Tiere zwischen 
7 und 10 mm Körperlänge haben meist 7-8 
Kolbenpaare, solche um 15mm Körper- 
länge 9 Paare; noch grössere aber höchstens 
10 Kolbenpaare. Die grösste Schnecke in 
unserem Material war eine Doto fragilis aus 
Plymouth mit 40 mm Körperlänge und 10 
Kolbenpaaren. Körpertuberkel kommen nur 
bei grösseren Exemplaren von D. pinnati- 
fida und D. cuspidata vor. Pseudobranchien 
finden wir bei Tieren von etwa 6 mm 


Länge an bei D. cuspidata, D. pinnatifida, 
D. rosea, D. fragilis und D. coronata von 
Plymouth. 


SYNOPSIS 


Die wichtigsten äusseren Uhnterschei- 
dungsmerkmale sind die Gestalt des Kol- 
bens, die Form der Tuberkel und deren 
Anordnung. Dazu kommen bestimmte 
charakteristische Färbungseigentümlichkei- 
ten einiger Arten, wie z.B. schwarzes Pig- 
ment an der inneren Kolbenbasis oder Pig- 
mentringe um die Rhinophoren. Wir haben 
diese Merkmale in einer Synopsis zusam- 
mengestellt. Dabei sind Velum und 
Rhinophorenscheidenform (vgl. Artbeschrei- 
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bung) nicht aufgenommen worden, weil 
sie—je nach Grösse des Tieres—besonders 
stark variieren. 


Doto acuta (Neapel) 

Rhinophor mit schwarzer Zeichnung. Ein 
Ast dunklen Pigmentes zieht innen an der 
Kolbenbasis hoch. Ellipsoide Kolben mit 
relativ spitzen Tuberkeln. Endtuberkel nur 
wenig grosser als die grossten Tuberkel des 
ubrigen Kolbens. Alle Tuberkel mit schwar- 
zem Endpunkt. Korpertuberkel und Pseu- 
dobranchien fehlen. Entwicklung ohne 
freischwimmende Veliger-Phase. 


Doto coronata (Plymouth und Neapel) 
Kolben ellipsoid, apikaler Tuberkel nicht 
grösser als grosse Seitentuberkel. Feine dis- 
tinkte dunkelrote, schwarzbraune oder 
schwarze Tüpfelung bzw. feine Striche auf 
Kopf, Rücken, den Körperseiten (Unter- 
schied zu D. paulinael) und als etwas 
dichteres Netzwerk auf der tuberkelfreien 
basalen inneren Kolbenregion. An den 
Enden eines jeden rundlichen Tuberkels, 
einschliesslich des apikalen, liegt ein roter, 
schwarzbrauner oder schwarzer Punkt. Um 
die Kolbenbasis herum bleibt haufig auf 
dem Rücken ein kleiner heller Hof pig- 
mentfrei. Obere Halfte der Rhinophoren 
opakweiss. In Plymouth besitzen Exemplare 
ab 6 mm Körperlänge oft Pseudobranchien 
(Zu den häufigsten und charakterischen 
Farbvarianten vgl. S. 475). 


Doto cuspidata (Plymouth) 
Kolbentuberkel spitz ohne jeglichen 
dunklen terminalen Pigmentfleck. Auf dem 
Körper feine weisse und braune Sprenke- 
lung. Grosse Exemplare mit Pseudo- 
branchien und Körpertuberkeln auf dem 
Rücken in Kopfnähe. 


Doto doerga (Neapel) 

Kolben schlank mit relativ langem Stiel, 
medianwarts geneigt, nur in ihrer oberen 
Hälfte Tuberkel tragend. Tuberkelform 
variiert von flachen Kugelkalotten bis zu 
scharf abgesetzten Papillen; Tuberkel nicht 
in Längs- oder Querreihen angeordnet. 
Dunkle Flecken am Tuberkelapex kommen 
nicht vor. Färbung von diffus hellgelb bis 
fast schwarz variierend, doch bleiben Fuss, 
Rhinophorenscheiden und Innenseite der 
Cerata stets pigmentfrei. 


Doto floridicola (Neapel) 

Endtuberkel der Kolben ca. 1/3 der Kol- 
benlange messend, d.h. deutlich grösser als 
die übrigen Tuberkel. Die Rhinophoren 
tragen vorne und hinten einen opakweissen 
Längsstreifen, während Opakweiss sonst auf 
Körper und Kolben fehlt. Die meisten 
Exemplare haben markant krapplackrote 
(bis braune) Tuberkel und dichte krap- 
plackrote (bis braune) Zeichnung auf Kor- 
per und Körperseiten. Die Kolbenbasis und 
die Verbindungslinie zwischen den Cerata 
bleiben frei von einer Färbung. 


Doto fragilis (Plymouth) 

Kolben gedrungen. Kolbentuberkel halb- 
kugelig, Tuberkelapex ohne terminalen dun- 
klen Pigmentfleck, vielmehr weiss irisie- 
rende Punkte. Grosse Exemplare mit Pseu- 
dobranchien. Mediane Kolbenbasis ohne 
besondere Zeichnung (Kalkzellen im Polari- 
sationsmikroskop sichtbar). 


Doto paulinae (Neapel) 

Kolben schlank spindelförmig. Oberster 
Tuberkelkranz oft regelmässig 4-zählig. 
Tuberkel in regelmässiger Quer- und Längs- 
reihen. Endtuberkel 1/3 bis 1/4 der Kol- 
benlange messend. Er ist regelmässig 
opakweiss, während die übrigen Tuberkel in 
ihrer oberen Hälfte von einer venezianisch- 
roten Kappe bedeckt sind. Venezianisch-rot 
(bis -braun) findet sich häufig median an 
der Kolbenbasis und am Rücken, fehlt aber 
an den Körperseiten. 


Doto pinnatifida (Plymouth) 

Schlanke Kolben mit etwas abstehenden, 
länglichen Tuberkeln, die einen endstandi- 
gen schwarzen Fleck tragen. Tiere, die gros- 
ser als 6mm sind, besitzen Pseudo- 
branchien und regelmassig Korpertuberkel. 


Doto rosea (Neapel) 

Kolben rundlich mit verengtem Basisstuck. 
Endtuberkel etwas grosser als die úbrigen 
abgerundeten Tuberkel, die in regelmassigen 
Querreihen stehen, jedoch keine Längs- 
reihen bilden. Alle Tuberkel mit hellen 
Kappen. Tiere ab 5 mm besitzen Pseudo- 
branchien. Rücken, Kopf und Körperseiten 
dunkel pigmentiert. Ein markanter schwar- 
zer Ast zeichnet die mediane Kolbenbasis 
und läuft in der Pseudobranchie aus. Kor- 
pertuberkel fehlen. 
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ABSTRACT 


THE GENUS DOTO (GASTROPODA: NUDIBRANCHIA) IN THE 
MEDITERRANEAN AND THE CHANNEL, WITH DESCRIPTION 
OF DOTO ACUTA, N. SP. 


L. Schmekel and A. Kress 


Eight species of the genus Doto from the Mediterranean (Naples) and the Channel 
(Plymouth) are described, including 1 new species: Doto acuta, n. sp. 

Four species, Doto coronata (Gmelin, 1791), D. cuspidata Alder & Hancock, 1862, D. 
fragilis (Forbes, 1838) and D. pinnatifida (Montagu, 1804) can be found in the Plymouth 
area. The following can usually be found in the Naples area: D. acuta, n. sp., D. coronata, D. 
floridicola Simroth, 1888, D. paulinae Trinchese, 1881, and D. rosea Trinchese, 1881. Another 
species which has also been found in Naples, D. doerga Marcus, 1963, from the Caribbean 
Sea, has already been described extensively (Schmekel, 1968a) and is therefore mentioned 
here only in the synopsis. D. coronata, the most common species described, is the only one 
which can be found in both Plymouth and Naples. 
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A detailed description of the external morphology of all the species is given, together 
with the anatomy of the genital system and the radula, as well as some ecological and 
embryological data. The typical external features and colouration of the living species are 
summarized in a synopsis. 

Doto acuta, n. sp. from the OK very similar to D. pinnatifida and has 
appeared in the literature under this name until now, but the species differs in having a 
black mark at the base of the inner side of the cerata and on the rhinophore. There are 
pointed tubercles on the cerata bearing a black terminal spot. The genital system of D. acuta 
is characterized by the way in which the vas deferens enters the prostate not at the extreme 
proximal end but further distally. The development is without a free-swimming veliger 
phase—or with a very short one. 
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THE BIOLOGY AND FUNCTIONAL MORPHOLOGY OF 
MODIOLUS METCALFEI (BIVALVIA: MYTILACEA) 
FROM THE SINGAPORE MANGROVE 


Brian Morton 


Department of Zoology, The University of Hong Kong 


ABSTRACT 


Modiolus metcalfei Hanley, 1844, is an inhabitant of the Singapore and Malaysian 
mangal. It occurs on the seaward edge of the mangrove, attached by a byssus to the roots of 
living and the roots and trunks of fallen mangrove plants and associated species. It is 
infaunal and possesses a number of morphological adaptations that suit it for a life in soft 
muds and for feeding in turbid waters. The most significant of these adaptations concern the 
organs of the mantle cavity. A comparison has been made between M. metcalfei and other 
mytilids, both infaunal and epifaunal. 

Interest in this species also centres around its habit of living infaunally, although this is 
widespread in members of the mytilid genera Musculus, Musculista, Amygdalum, Brachi- 
dontes and Modiolus. Some of these genera (the first 3) build a byssal nest in the mud and 
so may be considered highly specialized. Modiolus does not, and details of its anatomy and 
morphology suggest that it is intermediate in form between a presumably primitive 
isomyarian ancestor and the more heteromyarian and epifaunal mytilids, e.g. Mytilus, 
Septifer and Limnoperna. Earlier studies upon the Mytilacea have suggested from an 
anatomical standpoint that the heteromyarian condition arose in an infaunal ancestor, such a 
view being substantiated by the fossil record in the convergently similar heteromyarian 
Dreissenacea. In morphological terms also, Modiolus metcalfei can be considered inter- 
mediate, indicating that the ancestors of the modern epifaunal mytilids may be sought in a 
wide range of infaunal species variously adapted but possessing a common heteromyarian 
form. 

The modifications seen in Modiolus metcalfei must therefore be viewed from 2 perspectives. 
Both emphasize the interest centered around mangrove bivalves which possess a variety of 


unusually interesting adaptations fitting them for their unusual environment. 


INTRODUCTION 


The following mangrove bivalves of SE 
Asia have so far been studied: G/auconome 
rugosa and Pharella acuminata (Owen, 
1959), Anadara дгапоза (Purchon, 1956), 
Laternula truncata (Morton, 19735; Adal & 
Morton, 1973), Enigmonia aenigmatica 
(Bourne, 1907; Yonge, 1957a; in press; 
Morton, in press) and Ро/утезода (Geloina) 
erosa (Morton, 1976). 

Only 2 major groups of bivalves occur 
exclusively in the mangrove, namely the 
arboreal Enigmonia aenigmatica and the 
back of the shore corbiculids belonging to 
(in SE Asia) the subgenus Geloina (Prashad, 
1932). 

Other species are best regarded as being 
essentially mangrove associates often also 
found on muddy shores, where, typically, 
the mangrove has been cut. The mytilids 
Brachidontes variabilis from Singapore and 


B. atratus from Hong Kong which can 
occur on boulder strewn shores in estuaries 
and can also attach to mangrove plants, as 
well as Modiolus metcalfei Hanley, 1844, 
belong to this latter category. 

Recent research by Morton (1970) upon 
the Dreissenacea and by Stanley (1972) 
and Morton (1974a) upon the Mytilacea 
has shown that these 2 families of bivalves, 
hitherto regarded essentially as epifaunal, 
possess members that are infaunal. Char- 
acteristically the morphological adaptations 
of these infaunal species are somewhat 
primitive, but they are basically hetero- 
myarian, possibly indicating that this con- 
dition preceded the epifaunal habit. 
Modiolus metcalfei is infaunal and it was 
thought that a study of this animal might 
add significant information, especially since 
the genus Modiolus can be traced in the 
fossil record to the Devonian (Soot-Ryen, 
1969) and modern species can therefore be 
considered to be “living fossils”. 
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In 1974, the Browne Fund of The 
Royal Society financed a visit to Malaysia 
and Singapore to study these mangal asso- 
ciated bivalves; this was most opportune 
because the mangroves are being cut at an 
alarming rate in SE Asia, and with the 
destruction of the habitat many now 
common species may become rare. 


MATERIALS AND METHODS 


Specimens of Modiolus metcalfei were 
collected during the summer of 1974 from 
the mangrove close to the village of Lim 
Chu Kang, on the NW shore of Singapore. 

Ciliary currents were elucidated using 
powdered carmine in sea water. For his- 
tological purposes other specimens were 
fixed in alcoholic Bouin Dubosq, sectioned 
at бит and stained in either Heidenhain’s 
haematoxylin or Ehrlich's haematoxylin 
and eosin. 

Voucher specimens have been lodged at 
the Academy of Natural Sciences of Phila- 
delphia (catalogue number 340327). 


ABBREVIATIONS USED 
IN THE FIGURES 


A Auricle 

AA Anterior adductor muscle (or 
scar) ] 

АВВ Anterior byssal retractor mus- 
cle (or scar) 

AID Ascending lamella of inner 
demibranch 

AN Anus 

AOD Ascending lamella of outer 
demibranch 

AP Appendix 

B Byssus 

BG Byssus gland 

BT B type sorting area 

CA Ctenidial axis 

CM(PA) “Catch” portion of posterior 
adductor muscle 

es Crystalline style 

DD Digestive diverticula 

000(1)-(5) Ducts of the digestive divertic- 
ula opening into the stomach 

DH Dorsal hood 

DHT Dorsal hood tract 

DK Distal limb of the kidney 

EA Excretory aperture 

ES Exhalant siphon 

F Foot 


EC Food sorting caecum 

GA Gonadial aperture 

GS Gastric shield 

H Heart 

IA Inhalant aperture 

IBC Infra-branchial chamber 

ID Inner demibranch 

IG Intestinal groove 

K Kidney 

L Ligament 

ER Left pouch 

ET Left duct tract 

M Mouth 

MA Mantle 

MG Mid gut 

MM Mantle margin 

MT Minor typhlosole 

N Nucleus 

О Ovary 

OD Outer demibranch 

OE Oesophagus 

OS Osphradium 

Р Periostracum 

PA Posterior adductor muscle (or 
scar) 

PBR(1)-(2) Posterior byssal retractor mus- 
cle(s) (or scar(s)) 

PE Pericardium 

PG Pericardial gland 

PK Proximal limb of kidney 

PIE Pallial line 

PO Point of attachment of inner 
demibranch to visceral mass 

PPR Posterior pedal retractor mus- 
cle 

ОМ(РА) “Quick” portion of posterior 
adductor muscle 

R Rectum 

RIP Right inner labial palp 

ROP Right outer labial palp 

RPA Reno-pericardial aperture 

RT Right duct tract 

S Branchial septum 

SA2 Sorting area of stomach (SA2) 

SBC Supra-branchial chamber 

SS Style sac 

12 Major typhlosole 

U Umbo 

V Ventricle 

VF Velar fold 

VM Visceral mass 

BIOLOGY 


Modiolus metcalfei was most commonly 
found in the mud bordering the seaward 
fringe of the mangroves of the eastern third 
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of the W arm of the Straits of Johore. In 
the mangal close to the village of Lim Chu 
Kang they were very common. Further 
west towards the open sea and firmer in- 
tertidal sands, Modiolus was absent, even 
though mangroves are present. It is prob- 
able that a salinity gradient exists along the 
Straits of Johore and that Modiolus 15 
restricted to sheltered, muddy shores and 
brackish waters. In the Straits; before the 
reconstruction of The Causeway after the 
Pacific War, the tidal streams were mainly 
diurnal. Owing to the number and size of 
the rivers and streams draining into the 
Straits, the rate of the outgoing stream is 
increased and that of the ingoing stream 
decreased especially during and after heavy 
rain (Malacca Strait Pilot, 1958). It would 
appear that the division of the Straits by 
The Causeway has created, in effect, rivers 
running E and W along the northern shores 
of Singapore. Modiolus thus colonises the 
head of this estuary. In July, 1974, the 
salinity of water samples collected over 
neap and spring tidal cycles in the mangal 
offres region ranged between 
NAAA oc: 

Modiolus metcalfei lies almost com- 
pletely buried in the mud attached by a 
stout! byssus to the dead branches of fallen 
mangroves (Fig. 1). It also attaches to the 
prop roots of Rhizophora apiculata, the 
cable roots and pneumatophores of 
Avicennia alba, A. intermedia and Son- 
neratia alba and to the roots and stems of 
the coastal shrub Scyphiphora hydrophyl- 
lacea. Such plants, and Modiolus, are only 


found on the seaward fringe of the man- 


grove where fine, soft muds predominate. 
Modiolus was absent from the back of the 
mangal where sandier deposits are found. | 
have also found М. metcalfei inhabiting the 
muddy shores of the E arm of the Straits 
of Johore, lying vertically in the mud 
attached to embedded pieces of old timber 
and to stones. Berry (1972) did not find 
M. metcalfei in the Malaysian mangrove 
nor, surprisingly, did Sasekumar (1974). 

As noted by Stanley (1972), members 
of the Mytilacea seem to posses the ability 
to settle in a wide range of niches, but 
nevertheless an often clearly defined 
habitat preference is apparent. This seems 
to apply to Modiolus metcalfei—the mangal 
being the principal niche. 

Associated with Modiolus metcalfei at 
Lim Chu Kang and sharing the same region 
of the shore are the algae Caulerpa 


Patata E 


2.5 cm 


FIG. 1. Modiolus metcalfei. A diagrammatic 
representation of the animal attached to a man- 
grove root in the mud. The positions of the 
inhalant and exhalant currents are indicated by 
arrows. 


freycinetti, Enteromorpha and Mono- 
stroma, the aquatic angiosperm Halophila 


_ ovalis and the gastropod Omphalotropis sp. 


browsing over the surface of the mud. 
Infaunally the bivalves Pharella javanica and 
Perna viridis (similarly byssally attached to 
mangrove roots) and the epifaunal Cras- 
sostrea belcherii were common. Also 
encountered were the sesarmid crabs 
Sesarma versicolor and S. palawaensis. 


FUNCTIONAL MORPHOLOGY 
The shell 


The shell of Modiolus metcalfei (Fig. 2) 
is equivalve and heteromyarian. Viewed 
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FIG. 2. Modiolus metcalfei. (A) An internal view of the left shell valve, (В) the shell viewed from the 


anterior end. 


laterally (Fig. 2A) it is approximately tri- 
angular in outline and dull olive to green- 
brown in colour. The periostracum is 
fringed above the umbonal keel. The 
anterior margin of the shell is lobed so that 
the umbones (U) are sub-terminal. The 
periostracum and the outer layer of the 
shell were always eroded, especially in the 


region of the umbo, presumably by the 
acid mangal soil. Empty shells found buried 
in the mud were exceptionally thin and 
brittle. The shell of Musculista senhausia 
similarly dissolves rapidly after death 
(Morton, 1974a). The opisthodetic ligament 
(L) is long and straight and the margins of 
the shell valves are not crenulate as in 
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PBR(1) _ 
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FIG. 3. Modiolus metcalfei. The musculature of the left side, after removal of the right shell valve and 
relevant organs. 
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Musculista. There is no byssal sinus and 
hinge teeth are lacking. 

In transverse section (Fig. 2B) the 
maximum width is seen to lie only a little 
ventral to the mid point of the dorso- 
ventral axis of the shell. Epifaunal mytilids 
are much wider ventrally (Stanley, 1972) — 
an adaptation for life on exposed rocky 
shores. 


The musculature 


The anterior adductor muscle (Fig. 3, 
AA) is relatively large and elongate and is 
located on the antero-ventral floor of the 
shell valves, slightly anterior to the 
umbones (U) (which are sub-terminal). The 
anterior byssal retractor (ABR) muscles are 
small and originate on the postero-dorsal 
roof of the shell slightly posterior to the 
umbo. The posterior adductor muscle (PA) 
is some 4 times larger than the anterior 
adductor and is located postero-dorsally. It 
is divided, unusually for a mytilid, into 


“quick” and “catch” components of 
approximately equal size. The posterior 
byssal retractor muscle is similarly large 


and is divided into two component units 


A 


PBR(2) 
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(РВВ (1); РВВ (2)) which are in turn 
divided into a number of smaller muscle 
blocks. 


There 15 a small posterior pedal 
retractor muscle (PPR) located anterior to 
the posterior byssal retractor muscle 
(PBR(2)). 


The mantle and its ciliary currents 


Mantle fusion, of the inner folds only 
and thus of type A (Yonge, 1957b), occurs 
dorsally above the exhalant siphon (Fig. 4, 
ES) and between the exhalant siphon and 
the combined inhalant aperture (IA) and 
pedal gape. The mantle fuses underneath 
the anterior adductor muscle (AA), so that 
the pedal gape is extensive. Dorsally the 
mantle secretes the typical opisthodetic 
ligament; this process having been described 
for the Mytilacea by Yonge & Campbell 
(1967). 

The periostracum secreted the 
periostracal groove comprises 3 layers 
possessing similar staining reactions as that 
seen in Mytilus (Beedham, 1958), 
Limnoperna and Musculista (Morton, 
1973a; 1974a) and is thus typical of the 


in 


V 


FIG. 4. Modiolus metcalfei. The organs of the mantle cavity after removal of the right shell valve and 


mantle lobe. 
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family. Externally the periostracum is 
fringed. 

The exhalant siphon of Modiolus 
metcalfei is a simple conical tube, located 
dorsal to the similarly simple, unfringed 
inhalant aperture. Within the mantle cavity 
the small branchial septum (S) serves to 
restrict the inhalant aperture when feeding 
in turbid waters. The manner in which 
mytilids can reduce the inhalant aperture, 
yet still retain the ability to expel pseudo- 
faeces, has been described by Morton 
(1973a) for Limnoperna fortunei. As т 
Limnoperna, the inhalant aperture can be 
reduced when the animal is feeding in 
turbid waters. 

The ciliary currents of the mantle are all 
rejectory, keeping the mantle cavity free of 
large or excess particles. Material falling on 
to the mantle is passed posteriorly from 
the region of the mouth and labial palps 
towards the inhalant aperture. Pseudofaeces 
are not concentrated at the base of the 
inhalant siphon to be expelled by the rapid 
adduction of the shell valves as in the 
typical eulamellibranch; instead, as т 
Limnoperna, the lobes of the siphon 
possess strong ciliary currents that pass 
material dorsally towards the exhalant 
siphon. The pseudofaeces are thus removed 
by the exhalant stream, along with the 
faeces. This concentrates the waste streams 
and allows the inhalant current to be 
maintained without halting the discharge of 
waste. 


The ctenidia 


The ctenidia are flat, homorhabdic and 
filibranchiate (eleutherorhabdic). Ctenidial 
cohesion is maintained by ciliary discs as in 
all other mytilids. 

The ctenidia (Fig. 4) of Modiolus 
metcalfei comprise 2 sub-equal demibranchs 
of which the inner (ID) is slightly longer 
than the outer (OD). The ctenidia of 
Limnoperna are considerably longer dorso- 
ventrally (Morton, 1973a). The upper 
margins of the ascending lamella of the 
inner and outer demibranchs are attached 
to the visceral mass and mantle, respec- 
tively, by ciliary fusions. Dorsally, the 
ascending lamellae of the inner (Figs. 5-7, 
AID), and outer demibranchs (AOD) form 
a velar fold, within which orally directed 
currents are located. The term ‘‘velar fold”, 
first coined by Kellogg (1915), has 
unfortunate pallial connotations but has 


eeeeeeee 
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FIG.5. Modiolus metcalfei. The ciliary currents 
of the right ctenidium as seen in vertical section. 
Acceptance tracts are indicated by a closed circle. 


been retained here to facilitate comparison 
with other early literature. Dorsal to the 
points of attachment of the ascending 
lamellae of the ctenidia with the visceral 
mass (VM) and mantle, i.e. within the 
supra-branchial chamber (SBC), fine, almost 
filamentous outgrowths of the inner mantle 
epithelium and the tissue comprising the 
ctenidial axis (CA) occur. These outgrowths 
are thought to represent the osphradium 
(OS), well developed in this species, but 
not in other mytilids. Significantly the 
osphradium of another mangrove species, 
Enigmonia aenigmatica (Morton, in press), 
is also well developed. 

The ciliation of the ctenidial surfaces is 
of type B(1) (Atkins, 1937) (Fig. 6). 
Acceptance tracts are located within the 
ventral marginal grooves of both demi- 
branchs, in the ctenidial axis and within 
the velar folds. 

The other demibranch of Modiolus 
metcalfei is some 12-13 filaments shorter 
anteriorly than the inner demibranch 
(Fig. 7). A similar though less pronounced 
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FIG. 6. Modiolus metcalfei. A vertical section through the dorsolateral region of the body, showing the 
heart, pericardial gland, osphradium and point of attachment of inner and outer demibranchs. 
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FIG. 7. Modiolus metcalfei. The labial palps and ctenidium of the right side showing the various ciliary 


currents. 


reduction also occurs in Adula (Fankboner, 
1971), Limnoperna and Musculista 
(Morton, 1973a, 1974a). Such an adapta- 
tion greatly increases the efficiency of 
particle selection by the labial palps, partic- 
ularly of those particles arriving anteriorly 
on the crests of the ventral marginal 
grooves. 

In Modiolus metcalfei particles arriving 
in the ctenidial termini from the dorsal 
food grooves pass almost directly into the 
proximal oral groove and so to the mouth 
(M) and it seems likely that little if any 
further sorting of these particles takes 


place. 
Particles travelling orally within the 
ventral marginal groove of the outer 


demibranch pas on to the descending 
lamella of the inner demibranch and into 
the ventral marginal groove of the inner 
demibranch which is orientated outwards 
only in this region to facilitate this 
transfer. Such a mechanism has possibly 
evolved because with the increased effi- 
ciency of selection by the palps brought 
about by the reduction of the outer 
demibranch; there has to be some way in 
which particles, already selected on the 
ctenidia, are capable of being transported 
to the mouth. Such particles pass further 


forward within this (inner) food groove 
towards the proximal oral groove. The 
labial palps remove the somewhat larger 
particles travelling in an oral direction on 
the crests of the inner surfaces of the 
palps. 


The labial palps 


The labial palps of Modiolus metcalfei 
are long and straplike (Fig. 7, RIP, ROP). 
Particles are probably removed from the 
ctenidial termini by a dorsal unridged 
portion of the inner surface of the palps 
which bears strongly beating cilia. These 
cilia direct particles on to the general inner 
palp surface which comprise a series of 
parallel ciliated ridges and grooves (Fig. 8). 

On the crests of the ridges the ciliary 
currents are largely directed orally and 
rapidly pass small particles exclusively to 
the mouth. In the depths of the grooves, 
ciliary currents pass larger particles towards 
the ventral border of the palp from where 
they are directed towards the tip of the 
palp, for ultimate rejection. The laterally 
directed rejection tract in the depths of the 
grooves is supplemented by downwardly 
directed tracts on the oral and aboral 
surfaces of the ridges, which as well as 
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FIG. 8. Modiolus metcalfei. A diagrammatic representation of two crests of a labial palp to show the 
various ciliary tracts. (Acceptance tracts = open arrows; rejection tracts = closed arrows; recirculatory 


tracts = closed arrows with open heads). 


directing material into the grooves may also 
play a role in retaining material within the 
groove. 

On the aboral side of the crests are 
strong currents which may take material 
out of the grooves and on to the orally 
directed currents of the crest itself. On 
each side of the crests there are a series of 
resorting tracts that direct particles of 
intermediate size in both lateral directions, 
so that such particles come under the 
acceptance or rejection tracts of the general 
palp surface and are ultimately categorized. 
Such a system can probably be altered to 
suit the prevailing environmental conditions 
so that in times of high turbidity the 
grooves may be held widely open to reject 
relatively more whereas in times of low 
turbidity the crests may be closely adjoined 
so as to collect all available material. 

The outer surface of the labial palps are 
unridged and the ciliary tracts on them 
direct large particles towards the tip of the 
palps for ultimate rejection by the mantle 
and visceral mass. 

The lips of the mouth are fleshy and the 
ciliary currents on them are rejectory, 


directing material laterally to be finally 
removed by the ciliary currents of the 
visceral mass and mantle. 


The pericardium and kidney 


The heart (Fig. 9) lies dorsally and 
the single ventricle (V), traversed along its 
length by the rectum (R), is elongated 
antero-posteriorly; the laterally placed 
auricles are covered with parts of the 
pericardial gland (PG). 

Beneath the posterior byssal retractor 
muscle (PBR(1), PBR(2)) a separate kidney 
lies on each side of the body. The reno- 
pericardial apertures (RPA) are located in 
the antero-lateral extremities of the peri- 
cardium, as in Mytilus, Lithophaga and 
Musculus (White, 1942), and open into an 
elongate proximal limb of the kidney (PK) 
which extends posteriorly, terminating just 
anterior to the “catch” portion of the 
posterior adductor muscle (CM(PA)). The 
proximal limb in turn surrounds and opens 
into the distal limb of the kidney (DK). 
That is directed anteriorly and terminates 
in a urinary or excretory aperture (EA) 
opening into the supra-branchial chamber. 
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FIG. 9. Modiolus metcalfei. The pericardium and associated organs viewed from the right side. 
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FIG. 10. Modiolus metcalfei. The structure and ciliary currents of the interior of the stomach as seen 
from the right side. 
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Unlike the mytilids studied by White 
(1942), however, the excretory aperture 15 
located close to, but separate from, the 
genital duct which opens (GA) just anterior 
to the excretory aperture. 

Within the kidney beat strong cilia 


which transport material from the 
pericardium to the excretory aperture. A 
probable route taken by  excretable 


material seems to be from the blood > 
heart > pericardial gland > pericardium > 
kidney >supra-branchial chamber. 

In Modiolus metcalfei the sexes are 
separate and the gonad typically encloses 
the digestive diverticula and other regions 
of the visceral mass. It also extends into 
the mantle, as in most other mytilids. 


The alimentary canal 


The stomach (Fig. 10) is located under 
the antero-dorsal region of the shell and is 
surrounded by the dark digestive diverti- 
cula. The conjoined style sac (SS) and mid 
gut (MG) leave the postero-ventral border 
of the stomach and pass between the left 
and right posterior byssal retractor muscles. 
Close to the posterior adductor muscle the 
style sac terminates but the mid gut loops 
back on itself, passes over and around the 
stomach from left to right and then turns 
to penetrate the ventricle of the heart as 
the rectum. The route taken by the mid 
gut closely resembles that seen in Xeno- 
strobus (Wilson, 1967). The rectum leaves 
the heart from the posterior border and 
not from the dorsal border as in the genus 
Arcuatula and in “Modiolus”” demissus, 
Pierce (1973) suggesting that because of 
this similarity “М.” demissus should be 
more correctly associated with the genus 
Arcuatula. The rectum terminates in an 
anus close to the posterior surface of the 
posterior adductor muscle. 

The histology of the style sac of 
Modiolus metcalfei is essentially similar to 
that described, in fine detail, for Mytilus 
galloprovincialis by Giusti (1971). 

The stomach of Modiolus closely 
resembles that of other mytilids, e.g. 
Lithophaga (Purchon, 1957), Mytilus 
(Graham, 1949; Reid, 1965), Adula 
(Fankboner, 1971), Botula, Lithophaga and 
Perna (Dinamani, 1967), Limnoperna and 
Musculista (Morton, 1973a, 1974a), reflect- 
ing the integrity of the group. The stomach 
of Modiolus thus belongs to type III and 


Section | of the stomach types elucidated 
by Purchon (1957) and Dinamani (1967), 
respectively. Modiolus would thus be 
classified by Purchon (1963) as belonging 
to the Gastrotriteia. As noted above, the 
stomach of the Mytilacea reveals a remark- 
able consistency of form, individual differ- 
ences between species being small and 
related to habit. It is these differences that 
are of major interest here since the basic 
mytilid stomach plan is well known. 

From the combined style sac and mid 
gut arise the major (Т) and minor 
typhlosoles (MT). The minor typhlosole 
terminates in the appendix (AP) which 
possesses a sorting area described by Reid 
(1965) as belonging to type B and peculiar 
to the Gastrotriteia (Purchon, 1963). The 
major typhlosole passes forwards across the 
floor of the stomach and terminates in a 
large food sorting caecum (FC) essentially 
similar in shape to that of Limnoperna 
fortunei (Morton, 1973a). This too 
possesses at its apex a B type sorting area 
(Fig. 11, BT) that passes large unwanted 
particles into the intestinal groove (IG) 
(always associated with the right side of 
the major typhlosole) to be passed to the 
mid gut for defaecation. Small particles 
acceptable as food are passed into the 
ciliary tracts of the left (LT) and right duct 
(RT), tracts that transport such material to 
the ducts of the digestive diverticula. The B 
type sorting area also passes material of 
intermediate size into the dorsal hood tract 
(DHT) that leaves via the roof of the food 
sorting caecum and passes up in to the 
dorsal hood (DH) which is lined by the 
gastric shield (GS), and against which the 
crystalline style (CS) revolves. The gastric 
shield sends a flare into the left pouch 
(LP). In the left pouch what Reid (1965) 
has described as the left duct tract 
originates and which also passes into the 
food sorting caecum. On the right side of 
the stomach, the right duct tract also 
passes into the food sorting caecum. 

Associated with the right duct tract in 
the Mytilacea are 2 groups of ducts 
DDD(1) and DDD(2) which in Modiolus 
metcalfei simply comprise 1 duct each. In 
other species a greater number of ducts are 
involved. Similarly the left pouch possesses 
3 ducts of the group designated DDD(3) 
and one duct comprising the group 
DDD(4). A final series of 6 ducts con- 
stitute the assemblage DDD(5), located 
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FIG. 11. Modiolus metcalfei. The structure and ciliary currents of the food sorting caecum of the 
stomach. 
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within the food sorting caecum. The right 
duct tract was described by Purchon 
(1957) for Lithophaga as comprising a sort- 
ing area (SA3). The equivalent sorting area 
on the left duct tract appears to be the 
floor and walls of the left pouch. 

These ducts, opening into the stomach, 
communicate with the digestive diverticula 
which have essentialiy the same structure as 
those described for Mytilus edulis by Owen 
(1955). A further sorting area (SA2) 
located dorsal to the entrance of the food 
sorting caecum separates this opening from 
the entrance to the left pouch. Each of 
these sorting areas, i.e. ЗАЗ and SA2 
comprises a simple system of ridges and 
grooves that Reid (1965) has termed type 
A and which is found in all bivalves. 


DISCUSSION 


Modiolus metcalfei is an infaunal 
member of the mangrove community in SE 
Asia, attaching to the roots of living and to 
the dead, fallen branches and roots of 
mangrove trees and associated plants. In 
Singapore it occurs in soft muds on the 
seaward fringe of the mangal at the head of 
an estuary, where salinities are much 
reduced. 

The Mytilacea are characteristically, 
particularly in temperate regions, regarded 
as an essentially epifaunal assemblage 
adapted to life on rocky shores. In the 
tropics and sub-tropics, however, a greater 
niche diversification is seen. 

Members of the genus Musculus (Merrill 
& Turner, 1963), Musculista (Morton, 
1974a) and Amygdalum (Stanley, 1972) 
build byssal nests in intertidal deposits. 
Such a habit in the case of Musculus is a 
protective device for the eggs which are 
brooded within the nest, whereas in 
Musculista the nest protects the thin 
shelled adult. 

The genus Brachidontes comprises a 
group of epifaunal nestlers either on rock 
oyster (Crassostrea cucullata) covered 
stones in estuaries or on mangrove stems— 
an essentially similar habitat. В. variabilis 
occurs in Malaysia and Singapore and B. 
atratus occurs in Hong Kong. В. citrinus 
inhabits intertidal beds of the grass 
Thalassia in the western Atlantic (Stanley, 
1972) and attaches to coarse sedimentary 
debris. 


Members of the genus Modiolus either 
inhabit stable gravel sands, e.g. М. 
modiolus, or attach to the roots of 
intertidal plants, e.g. “М.” demissus and М. 
americanus lying attached to the roots, 
again of Thalassia (Stanley, 1972). Pierce 
(1973), however, considers that “М.” 
demissus more properly belongs in the 
genus Arcuatula and a re-examination of 
hitherto regarded ‘‘modiolids’’ is thus 
urgently required. In the west Pacific M. 
Philippinarum inhabits sublittoral muds, 
whereas М. vagina occurs intertidally 
embedded in fine sand at a depth of some 
3cm and can, reportedly, move up and 
down within such deposits much like more 
typical, eulamellibranch burrowers (Cheung 
et al., 1962). Such an animal deserves 
further study. M. metcalfei would thus 
seem to be typical of the genus with regard 
to habitat. 

Stanley (1972) has related habit in the 
Mytilacea to form, particularly of the shell 
and arrived at the similar, earlier conclusion 
of Morton (1970) working on the essen- 
tially epifaunal Dreissenacea that the 
extreme heteromyarian condition seen in 
epifaunal species was evolved before the 
infaunal habitat was lost. The triangular 
form of the shell hitherto regarded as hav- 
ing evolved to stabilize the animal on wave 
tossed shores is also seen in infaunal species 
and might best be regarded as having 
evolved in a basically colonial species, Iying 
closely packed in intertidal deposits, e.g. 
Musculista senhausia (Morton, 1974a), but 
maintaining the posteriorly orientated 
siphonal apertures projecting into the water 
above. 

It is interesting to comment on other 
morphological adaptations seen in Modiolus 
metcalfei; to compare the functional 
morphology of this species with that of 
other mytilids and to gain an impression of 
the life style of this unusual bivalve which 
current research indicates might represent a 
more primitive condition than that of other 
bivalves. Stanley (1972) regards species of 
the genus Modiolus as “living fossils”. 

The shell of Modiolus metcalfei is tri- 
angular and acutely anisomyarian much 
more like the shape of Mytilus than other 
modiolids which are less triangular and 
more elongately rounded. In cross section 
the shell resembles much more closely 
other species of Modiolus т that the 
maximum width approximates to the mid 
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point of the dorso-ventral axis of the shell, 
and not ventral to this point as in epifaunal 
mytilids, e.g. Mytilus (White, 1937) and 
Septifer (Yonge & Campbell, 1967). The 
anterior lobe of the shell is not so inflated 
as that of Musculista senhausia (Morton, 
1974a) and which is also distinctly 
crenulate, but is unlike the acutely pointed 
anterior margin of the epifaunal mytilids, 
e.g. Mytilus (White, 1937) and the fresh- 
water Limnoperna (Morton, 1973a). The 
point of attachment of the anterior 
adductor muscle in Modiolus is character- 
istic of that in the Mytilacea and the 
muscle itself is large, as in “М.” demissus 
and M. modiolus (Stanley, 1972), when 
compared to the reduced anterior adductor 
muscle of Mytilus and Septifer. Wilson 
(1967) has shown how in 3 mytilids of the 
genus Xenostrobus the anterior adductor 
muscle is reduced in size with an increasing 
degree of ventral flattening of the shell. 

The posterior adductor muscle of 
Modiolus metcalfei is large but is unusual 
in that it is divided into “catch” and 
“quick” portions of approximately equal 
size. In the Mytilacea this muscle is 
typically solely “quick”. The significance 
of this modification in М. metcalfei is 
difficult to determine since functional 
division of the posterior adductor muscle is 
most stikingly developed in monomyarian 
families, e.g. the Ostreidae and Pectinidae 
(Yonge, 1953) and in a few cemented 
anisomyarian families such as the Cham- 
idae (Yonge, 1967) and Cleidothaeridae 
(Morton, 1974b). А “catch’’ component is 
possibly more common in species feeding 
in waters carrying a high sediment load, 
where prolonged closure of the valves may 
be necessary. The turbid waters of the 
mangal may also involve occasional strict 
closure of the shell. This may be significant 
since other infaunal mytilids, e.g. Musculus 
(Merrill & Turner, 1963) and Musculista 
(Morton, 1974a) possess a byssal nest that 
may keep sediment out of the mantle 
cavity. Moreover, the  pedal/inhalant 
aperture of Modiolus 15 surprisingly long 
and could allow an inflow of sediment. 

As in other mytilids the anterior byssal 
retractor muscle is small and is located 
almost directly under the umbo. Such a 
location would seem to be intermediate in 
position between that existing in the 
anteriorly lobed Musculista (Morton, 
1974a) where the muscle is situated on the 


anterior slope of the valve, and that present 
in the acutely heteromyarian Mytilus 
(White, 1937) and Limnoperna (Morton, 
1973a) where the muscle is located on the 
posterior slope. Wilson (1967) has given a 
nice example, in the genus Xenostrobus, of 
how the anterior byssal retractor seems to 
move posteriorly with increasing hetero- 
myarianisation. 


As in Modiolus modiolus (Stanley, 
1972), Limnoperna and Musculista 
(Morton, 1973a, 1974a) the posterior 


byssal retractor muscle is divided into 2 
separate muscle blocks and is thus dis- 
similar to the elongate, many branched 
posterior byssal retractor of other mytilids, 
e.g. Mytilus (White, 1937). 

The ctenidia of Modiolus metcalfei are 
relatively short dorsoventrally and the 
labial palps large when compared for 
example with the large ctenidia and 
relatively small palps of the riverine 
Limnoperna fortunei (Morton, 1973). 
Such modifications reflect the need for 
efficient sorting as opposed to collecting 
organs in the mantle cavity of a species 
inhabiting turbid estuarine waters. 

The anterior portion of the ctenidium is 
peculiarly modified as, to a lesser degree, it 
is in other mytilids, e.g. Adu/a (Fankboner, 


1971), Limnoperna and Musculista 
(Morton, 1973a, 1974a) and permits 
greater efficiency in the selection of 


particles arriving at the ctenidial termini by 
the labial palps. The modifications also 
permit food material travelling within the 
ventral marginal groove of the outer 
demibranch to be transferred to the inner 
demibranch for passage to the mouth. Such 
a mechanism possibly had to be evolved if, 
with increasing foreshortening of the outer 
demibranch, the food supply of the ventral 
marginal food groove was to be utilized. 
Modiolus metcalfei also possesses a well 
developed osphradium within the supra- 
branchial chamber which possibly also 
reflects the high incidence of silt in the 
water. Significantly, another mangrove 
species, the arboreal Enigmonia aenigmatica 
also possesses a well developed osphradium 
(Morton, in press). 

The branchial septum of Modiolus 
metcalfei is intermediate in size between 
the relatively small septum of Limnoperna 
(Morton, 1973a) and the large septum of 
Musculista (Morton, 1974a). This mytilid 
structure forms a valve reducing the 
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inhalant flow via the inhalant aperture. Its 
smallness and thus its effectiveness in 
Modiolus may be compensated for in some 
way by the “catch” component of the 
posterior adductor muscle. All members of 
the Mytilacea have the ability selectively to 
reduce or widen the inhalant aperture to 
suit prevailing turbidities. Predictably in M. 
metcalfei the cleansing currents of the 
mantle cavity are highly efficient and 
transport particles towards the dorsal edge 
of the exhalant aperture to be removed by 
the flow of water from the exhalant siphon 
and not by the rapid expulsion of water 
from the inhalant siphon as in the majority 
of, for example, the Eulamellibranchia. The 
ciliary removal of waste in the Mytilacea 
allows for an inhalant flow in conjunction 
with waste removal. 

The structure of the alimentary canal of 
Modiolus metcalfei is typical of the great 
majority of mytilids and the looping of the 
mid gut resembles that of Xenostrobus 
(Wilson, 1967). The style sac and mid gut 
are conjoined. The stomach is typical of 
other mytilids and only the reduced 
number of openings into the digestive 
diverticula represent modifications resulting 
from the habit of living in turbid waters 
possessing a high nutrient load. 

The kidney of Modiolus metcalfei is 
interesting because the excretory aperture 
is not fused with that of the gonadial as in 
some other mytilids (White, 1942). This 
latter condition is probably specialized, the 
separate status of the two ducts being 
primitive. Significantly the location of the 
reno-pericardial aperture on the antero- 
lateral edges of the pericardium is very 
different from the position of these open- 
ings in the Dreissenacea (Morton, 1969), 
where they are located postero-laterally. 
This feature of the anatomy plus others 
earlier elucidated for Limnoperna provide 
further evidence to refute the assertion of 
Purchon & Brown (1969) of a common 
ancestry between the Mytilacea and 
Dreissenacea (where the ligamental struc- 
ture is also totally different (Yonge & 
Campbell, 1967)). Similarities are due to 
convergence and the adoption of similar 
habits. 

In conclusion, the modifications seen in 
Modiolus metcalfei are best seen from 2 
perspectives. The 15 concerns modifica- 
tions of a morphological and physiological 
nature that enable the species to inhabit 


the soft muds and turbid, estuarine waters 
of the mangrove ecosystem. The 2nd con- 
cerns an evolutionary trend seen in living 
members of the Mytilacea where, unus- 
ually, the heteromyarian condition is 
associated with an infaunal habit. This is a 
much more common life style than is at 
present generally appreciated. It is thought 
that M. metcalfei and other members of 
the genus represent evolutionary inter- 
mediates in a line of evolution that has 
ultimately enabled other species to colonise 
the rocky shores of open coasts. The 
significance of these intermediate (i.e. some 
primitive, some specialized) modifications 
in Modiolus (and other similarly adapted 
infaunal mytilids) should not be under- 
estimated since they provide clues as to 
how the heteromyarian and ultimately the 
monomyarian condition arose in the 
Bivalvia and which has led in a diversity of 
bivalve assemblages to the exploitation of a 
wide variety of epifaunal habitats. 


SUMMARY 


Modiolus metcalfei is an inhabitant of 
soft intertidal muds on the seaward side of 
mangrove formations in SE Asia. It lives 
infaunally attached to the roots of man- 
grove plants and possesses a number of 
features that adapt it for life in turbid, 
estuarine waters: (1) an anterior adductor 
muscle divided into “catch’’ and “quick” 
components; (2) dorso-ventrally shortened 
ctenidia; (3) specializations of the anterior 
ctenidial termini; (4) long labial palps; (5) a 
large osphradium; (6) a reduced number of 
openings from the stomach into the 
digestive diverticula. 

Modiolus metcalfei possesses a number 
of features that suggest it is intermediate 
between modern acutely heteromyarian 
epifaunal mytilids and a, presumably, 
approximately isomyarian ancestor: (1) a 
long pedal gape; (2) the greatest shell width 
is approximately mid dorso-ventrally; 


(3) triangular shell; (4) inflated anterior 
slope to the shell; (5) sub-terminal 
umbones; (6) anterior adductor muscle 
relatively large; (7) anterior byssal retractor 
located on anterior slope of shell; 
(8) separate excretory and gonadial 
apertures. 

The possession of such characters 


suggests that, as in the Dreissenacea, the 
heteromyarian condition arose in the 
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Mytilacea before the adoption of the 


epifaunal habit. 
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COMPARATIVE REPRODUCTIVE ANATOMY OF 
3 VIVIPARID GASTROPODS 


Virginia A. Vail 


Tall Timbers Research Station, Rt. 1, Box 160, Tallahassee, Fla. 32303, U.S.A. 


ABSTRACT 


The reproductive systems of mature male and female Campeloma geniculum, Lioplax 
pilsbryi and Viviparus georgianus snails were studied by gross dissection and histological 
examination. Differences between males were found in relative size, location and form of the 
testis, vas deferens, seminal vesicle, pallial vas deferens, prostate gland and right (copulatory) 
tentacle. Differences between females’ organizations were observed in the relative size, 
location and form of the albumen gland, junction of the ovary with the oviduct and 
albumen gland duct, seminal receptacle, pallial oviduct and vagina. A gonopericardial duct 
was observed only in female C. genicu/um and L. pilsbryi animals. 

It is possible to further delineate viviparid subfamilies and genera on the basis of 
reproductive system organization. The Viviparinae (containing Viviparus and Tulotoma) can 
be distinguished from the Lioplacinae (Campeloma and Lioplax) on the basis of seminal 
vesicle and prostate gland form, and vas deferens length in males and position of the 
albumen gland, seminal receptacle and pallial oviduct in females. Length of the seminal 
vesicle and prostate gland help distinguish genera. 

Also, on the basis of similarities in reproductive system organization, Viviparus is 
considered to be ancestral to Campeloma and Lioplax. Lioplax is probably derived from the 
stock which gave rise to Campeloma rather than from Viviparus directly. Viviparus and 
Campeloma are similar in seminal vesicle and pallial vas deferens position, and in organization of 
villi within the seminal vesicle. Viviparus and Lioplax are similar in seminal vesicle origin, 
pallial vas deferens position, copulatory tentacle “hook,” ovarian junction with the oviduct and 
albumen gland duct and vaginal attachment to the mantle. Viviparus differs from these 2 
genera in accessory reproductive organ form in males, and form and position of these organs 
in females. Campeloma and Lioplax are similar in general accessory organ form and position 
(especially in females). Also, there has been a trend toward decreasing size of the accessory 
reproductive organs (especially in females) in the evolution of both Campeloma and Lioplax. 


INTRODUCTION 


Recent species of the mesogastropod 
family Viviparidae occur in the Palearctic, 
Ethiopian, Oriental, Australian and Nearctic 
regions. They are generally characterized, in 
part, as being dioecious, ovoviviparous and 
sexually dimorphic (cf Baker, 1928; Thiele, 
1929). Males are readily identified by the 
right tentacle, a stout, truncated structure 
which is modified as a copulatory organ 
containing the penis; the left male tentacle 
and both tentacles of the female are elon- 
gate-terete. Fertilization is internal, follow- 
ing copulation, and females incubate devel- 
oping young within the enlarged, modified 
pallial oviduct. Notable exceptions to this 
characterization are Сатреота гит 
(Haldeman), demonstrated by Mattox 
(1937) to be parthenogenetic, and ‘’Vivi- 


parus” angularis (O. Е. Müller), reported by 
Alonte (1930) to be hermaphroditic (dis- 
puted by Morrison, 1947). 

Past investigations of reproductive anato- 
mies of viviparids often resulted in insuffi- 
ciently detailed or even erroneous descrip- 
tions, especially for those of females. In 
addition, the reliability of structural repro- 
ductive characters used in taxonomic sys- 
tems was left in question because of in- 
adequate information on variation. 

The purposes of this work are to (1) 
provide descriptions of both male and fe- 
male structural reproductive organization 
for each of 3 previously unstudied North 
American viviparids, viz., Campeloma 
geniculum, Lioplax pilsbryi and Viviparus 
georgianus and (2) clarify the existing 
knowledge of viviparid reproductive anato- 
mies through comparison of this current 
work to previous studies of viviparid anato- 
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mies, and (3) hypothesize probable higher 
category relationships on the basis of all of 
these anatomical studies. 


MATERIAL STUDIED 


The taxonomic designations used for the 
animals described are those of Clench & 
Turner (1956). Duplicate voucher speci- 
mens have been deposited in the collections 
of the following institutions: preserved 
«specimens and shells in the Academy of 
Natural Sciences of Philadelphia (ANSP), 
and shells in the Museum of Comparative 
Zoology (MCZ) at Harvard University, the 
University of Michigan Museum of Zoology 
(MZUM) and the U.S. National Museum of 
Natural History (USNM). 

Campeloma geniculum (Conrad, 1834) 
(Fig. 1). Chipola River [Apalachicola drain- 
age system] at State Road 167, 1.5 km 
north of Marianna, Jackson Co., Fla., 
U.S.A. Voucher specimens: ANSP-A3274, 
ANSP-326481, MCZ-272883, MZUM- 
232854 and USNM-709960. Mean diameter 
of 16 large, mature specimens: 18.2 + 
1.3 mm. 

Lioplax pilsbryi Walker, 1905 (Fig. 2). 
Present collections from the same locality 
as for C. geniculum. Woucher specimens: 
ANSP-A3275, MCZ-272884, MZUM-232853 
and USNM-709961. Mean diameter of 15 
large, mature specimens: 15.7 + 1.0 mm. 

Viviparus georgianus (Lea, 1834) (Fig. 
3). Holmes Creek [Choctawhatchee drain- 
age] at Federal Hwy. 90, 6.4km west of 
Chipley, Holmes Co., Fla., U.S.A. Voucher 
specimens: ANSP-A3273, ANSP-336278, 


MCZ-272882, MZUM-232852 and USNM- 
709959. Mean diameter of 11 large, mature 
specimens: 26.9 + 1.6 mm. 


METHODS 


Narcotization of specimens was accom- 
plished with Diabutal (= sodium pento- 
barbital), fixation with Lavdowsky’s fluid 
(= AFA) and preservation with 70% ethyl 
alcohol. Gross dissection revealed most fea- 
tures. Size proportions were determined 
with the aid of a calibrated ocular micro- 
meter and presented as a relationship to 
either mantle cavity length, seminal vesicle 
length (in males) or pallial oviduct length 
(in females). Preparation of histological sec- 
tions to observe cellular composition and 
organization of reproductive organs in- 
volved paraffin embedding, sectioning at 
10 um thickness and staining with Harris’ 
hematoxylin and alcoholic eosin. 


REPRODUCTIVE ANATOMY 


Since subadult male and female Р, 
(post-birth individuals) of different sizes 
(and ages) possessed a reproductive system 
in varying ontogenetic stages of formation, 
only large, fully mature animals were used 
in describing the reproductive systems. The 
names employed here for reproductive 
structures are those used by most snail 
anatomists. 

Lateral positions and directions in these 
descriptions, which are based on gross dis- 
section of living and preserved animals and 
histological sections, are in relation to the 
plane of a flat, non-coiled columellar axis 
unless otherwise stated. The number of 
whorls of a large animal is less than that of 
its shell, and references to whorls are con- 
sistently to those of the animal: Viviparus 
georgianus animals typically contain only 
an apical and a body whorl, whereas 
Campeloma geniculum and Lioplax pilsbryi 


FIGS. 1-3 Shell of Сатре/ота geniculum (1), Lioplax pilsbryi (2) and Viviparus georgianus (3). All scales: 


20 mm. 
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possess an intervening penultimate whorl. 

Fixation and especially preservation ef- 
fect leaching; notes on colors and pigmen- 
tation patterns were consequently recorded 
from deshelled but still living animals un- 
less otherwise stated. 

A complete, detailed description of the 
male and female reproductive systems 15 
given only for Campeloma geniculum; for 
Lioplax pilsbryi and Viviparus georgianus 
only anatomical differences from the 
former species are given. Comparative dif- 
ferences are given in Table 3. 


Campeloma geniculum 


Males (Figs. 4-8). The large, bilobed, yel- 
low to gold testis (Figs. 4-7: T) consists of 
a larger lobe on the ventral and sinistro- 
dorsal surfaces of the apical and penulti- 
mate whorls and a smaller lobe that occu- 
pies a dextrodorsal position along the natu- 
ral columellar axis just behind the posterior 
end of the mantle cavity (Fig. 5: PMC) in 


DG 


ER T 


the distal end of the penultimate whorl. 
Only in living animals is the gonad readily 
distinguished by its distinctive color, but its 
finer texture contrasts with that of the 
surrounding digestive gland in living and 
preserved specimens. The epidermis cover- 
ing the testis contains variable concentra- 
tions of melanin. 

The short, opaque white vas deferens 
(Figs. 5-7: VD), formed by the confluence 
of several small tubules, emerges from the 
smaller, anterior testicular lobe, runs dorso- 
anteriad across the latter’s dextral surface 
and ventrally enters the seminal vesicle 
(SV) at the level of the posterior end of 
the mantle cavity (Fig. 5: PMC). It is ap- 
proximately 1/3 the length and 1/2 the 
width of the seminal vesicle. 

The seminal vesicle (Figs. 5-7: SV), sur- 
rounded by a thin layer of circular muscle 
that imparts a faint pink to white appear- 
ance to the structure, runs anteriorly along 
the columella embedded in the connective 
tissue for approximately 90% of the mantle 


8 Y) 


FIGS. 4-8. Reproductive anatomy of male Campeloma geniculum. See text for description. All scales are 
1 mm. FIG. 4. Dorsolateral view of intact apical and part of penultimate whorl to show natural 
topographic locations. FIG. 5. Dorsal representation of reproductive system in a hypothetically discoid, 
largely uncoiled animal (part of dorsal mantle removed). FIG. 6. Connections of vas deferens with 
seminal vesicle. FIG. 7. Seminal vesicle. FIG. 8. Prostate gland running through copulatory tentacle. 

CM, columellar muscle; DG, digestive gland; E, eye; |, intestine; K, kidney; M, mantle; PMC, 
posterior end mantle cavity; PR, prostate gland; RT, right (copulatory) tentacle; ST, stomach; SV, 
seminal vesicle; T, testis; TN, tentacular nerve; VD, vas deferens; VD, pallial vas deferens. 
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cavity length. It is laterally obscured from 
view posteriorly and slightly obscured for 
the rest of its length by the columellar 
muscle (CM). The internal walls of this 
non-sinuous organ give rise to numerous, 
regularly spaced villi, of variable size and 
shape, that project into a small, central 
lumen. Shortly after receiving the vas 
deferens (VD), the seminal vesicle increases 
almost threefold in diameter and remains 
so for nearly the entire length of the organ. 
The diameter narrows slightly at the level 
of the anterodextral edge of the mantle, at 
which point the organ curves sharply to the 
right, narrows further and merges ventrally 
into the pallial vas deferens (VD’). 

The uniformly white pallial vas deferens 
(Figs. 5, 7-8: МО’), originating at the distal 
end of the seminal vesicle (SV), extends 
slightly posteromedially under the latter 
onto the floor of the mantle cavity where 
it enters the prostate gland (PR). Its di- 
mensions are approximately 1/2 the width 
and 5% the length of the seminal vesicle. 

The relatively short prostate gland 
(Figs. 5, 8: PR), located beneath the epi- 
tenial ridge within the floor of the anterior 
3rd of the mantle cavity, proceeds anteri- 
orly from the distal end of the pallial vas 
deferens (VD’) to the tip of the right tenta- 
cle (RT). The gland, surrounded by a thin 
layer of circular muscle that imparts a uni- 
formly light pink to dull white appearance 
to the structure, is comprised of a tightly 
compacted, convoluted duct. The convolu- 
tions are of relatively uniform width poste- 
rior to the level of the eye (E) at the base 
of the right tentacle (RT), and to that 
point the gland has a somewhat rectangular 
appearance. Anterior to the eye, the pros- 
tate convolutions decrease gradually т 
width, and the gland tapers down to its 
opening at the tip of the tentacle. Also at 
the level of the eye, the prostate curves 
slightly to the left (mediad) and proceeds 
anteromedially into the right tentacle (RT). 
In histological section, internal villi are 
lacking, but 2 distinct regions with dif- 
ferent staining properties are revealed: a 
proximal region posterior to the tentacular 
base, and a strongly acidophilic part distal 
to that level. 

The right (copulatory) tentacle (Figs. 5, 
8: RT) is a short, thickened, bluntly tipped 
structure in comparison to the long, nar- 
row, terete left male tentacle and both fe- 
male tentacles. In all non-copulatory tenta- 


cles, very small subepidermal melanin gran- 
ules provide the appearance of a gray back- 
ground color, atop which occur dense 
flecks of orange to yellow-orange pigment; 
the copulatory tentacle displays a darker 
gray and brighter orange pattern. The right 
male tentacle is directed straight forward 
during locomotion, whereas both female 
tentacles and the left male tentacle are fre- 
quently curved upward. In addition to the 
convolutions of the prostate gland (PR), 
the right tentacle contains the small right 
optic nerve connecting the eye to the right 
cerebral ganglion and the large right tenta- 
cular nerve (TN). The latter originates from 
the right cerebral ganglion and, running 
dorsal to the left margin of the prostate, 
proceeds to the tip of the tentacle. No 
hook, such as is found in Liop/ax pilsbryi (cf 
Fig. 19) and Viviparus georgianus (Figs. 30- 
31), is present on the tentacle, and the 
prostate opens directly to the exterior in the 
middle of the tentacular tip. 

Females (Figs. 9-15). The faintly translu- 
cent, white ovary (Figs. 10-13: O), often 
difficult to discern in living animals, is 
located in the apical whorl, along the natu- 
ral columellar axis of the yellow-brown to 
green-brown digestive gland (DG). The 
ovary is a long, narrow duct which some- 
times possesses a variable number of short 
lateral branches or small protrusions. 
Angling slightly dorsad as it approaches the 
penultimate whorl, it proceeds anteriorly 
across the dextral surface of the digestive 
gland, and in its distal region curves sharply 
anterodorsally to join the oviduct (OD) at 
the union of the latter with the duct (AD) 
draining the albumen gland. 

A short, vestigial, nearly transparent 
gonopericardial duct (Fig. 13: GPD) origi- 
nates from the ovary at the point of the 
latter’s distal, anterodorsal curvature and 
passes through connective tissue toward the 
pericardium. A gonopericardial duct is lack- 
ing in males. 

The large, yellow to gold a/bumen gland 
(Figs. 9-10, 12-13: AG) is located behind 
the posterior end of the mantle cavity. Of 
somewhat triangular shape in dorsal view, 
with the base dorsomedial, and the apex 
directed toward the natural columellar axis, 
it is bordered posteriorly and dextrally by 
the digestive gland (DG), sinistrally by the 
intestine (1), anteriorly by the seminal re- 
ceptacle (SR), and ventrally by the posteri- 
or edge of the pericardium. Histological 
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FIGS. 9-15. Reproductive anatomy of female Сатре/ота geniculum. See text for description. All scales 
are 1mm. FIG. 9. Dorsolateral view of intact apical and part of penultimate whorl to show natural 
topographic locations. FIG. 10. Dorsal representation of reproductive system in hypothetically discoid, 
largely uncoiled animal; part of dorsal mantle removed. FIG. 11. Ventral view of nuclear part of apical 
whorl. FIG. 12. Dorsolateral view of parts of apical and penultimate whorls. FIG. 13. Relationships of 
proximal components of female system. FIG. 14. Transverse section of distal end of seminal receptacle. 
FIG. 15a. Sinistral view of distal end of pallial oviduct and vagina. FIG. 15b. Anterodorsal view of distal 
end of vagina and birth pore. 

AD, albumen gland duct; AG, albumen gland; BP, birth pore; CM, columellar muscle; CT, ctenidium; 
DG, digestive gland; ER, epitenial ridge; GL, glandular lining; СРО, gonopericardial duct; H, heart; 1, 
intestine; K, kidney; L, lumen; M, mantle; O, ovary; OD, oviduct; PMC, posterior end mantle cavity; PO, 
pallial oviduct; R, ridge; RT, right tentacle; SR, seminal receptacle; ST, stomach; U, ureter; V, vagina; W, 
wall. 


sections showed mature, typical spermato- 
zoa in the lumen of the acini. The large 
albumen gland duct (Fig. 13: AD), formed 
by the confluence of several ductules, 
emerges from the anterodextral border of 
the gland and soon merges into the proxi- 
mal end of the oviduct (OD). The latter is 


slightly enlarged where it receives the albu- 
men gland duct and ovary (О). 

The large, V-shaped oviduct (Figs. 10, 
12-13: OD) is located anteroventrally to 
the albumen gland (AG), paralleling the 
natural columellar axis. The proximal end 
receives the ovary (O) and albumen gland 
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duct (AD), and the distal end enters the 
posterior end of the seminal receptacle 
(SR). The proximal and distal ends are lo- 
cated behind the posterior end of the man- 
tle cavity (PMC); both arms overlap into 
the mantle cavity region. Encased in circu- 
lar muscle, the oviduct appears white for 
most of its length, and frequently pink to 
rose in the distal region. The proximal arm 
is usually of narrower diameter than the 
distal arm, the former having a slightly 
thicker muscle layer and narrower lumen 
than the latter. 

The white seminal receptacle (Figs. 9-10, 
12-14: SR) 15 located anterior to the 
albumen gland (AG) and behind the poste- 
rior end of the mantle cavity (PMC). Its 
length is approximately 1/5 that of the 
pallial oviduct. Posteriorly it receives the 
distal end of the oviduct (OD) and is con- 
tinuous anteriorly with the pallial oviduct 
(PO), from which it is externally “distin- 
guishable in gravid P, by its narrower di- 
ameter; it is externally indistinguishable 
from the pallial oviduct in non-gravid P;. 
Internally, the proximal end of the seminal 
receptacle has a thick, glandular lining, por- 
tions of which overlap to give the appear- 
ance of folds. The thickness and unevenness 
decrease anteriorly, leaving a smoother 
glandular lining (Fig. 14: GL). A slightly 
greater thickening ventrally produces a 
small ridge (R) that proceeds anteriorly 
along the floor of the pallial oviduct to the 
vagina (V); that ridge serves as the border 
of an open sperm groove. Histological sec- 
tions showed sperm in this organ; most 
were free in the central lumen with com- 
paratively few oriented against the walls. 

The pallial oviduct (Figs. 9-10, 12-13, 
15a: PO), originating at the posterior end 
of the mantle cavity (PMC) and located in 
the penultimate and body whorls, proceeds 
anteriorly along the natural columellar axis 
from the seminal receptacle (SR) to the 
narrower vagina (V), spanning 90% of the 
mantle cavity length. The epidermal cover- 
ing contains a moderate to heavy concen- 
tration of melanin. In non-gravid females it 
is a large, comparatively thick-walled, glan- 
dular, white duct; in gravid animals the 
organ is enlarged in diameter, relatively 
thin-walled and readily identified by the 
presence of F, (developing young). The 
walls are thicker and glandular when F, of 
early developmental stages are present, but 
quite thin and nearly devoid of glandular 


tissue when more advanced F, are present. 

The vagina (Figs. 10, 15a-b: V) extends 
anteriorly from the distal end of the pallial 
oviduct (PO). It is detached from the man- 
tle (M) along its entire length, and its ex- 
treme distal end turns sharply ventrad, 
hangs down into the mantle cavity just 
behind the anterior edge of the mantle and 
terminates at the birth pore (Fig. 15b: BP). 
The latter is nearly circular but dorsally 
contains an infolded ridge of vaginal tissue. 
The vagina is surrounded by circular muscle 
fibers. Dense clusters of orange pigment 
granules occur atop a subepidermal white 
background provided Бу the circular 
muscle. 


Lioplax pilsbryi 


Males (Figs. 16-19). The testís (Figs. 
16-18: T), a large, unlobed, usually light 
yellow to less frequently dull white organ, 
occupies the tip and ventral, lateral and 
sinistrodorsal surfaces of the apical whorl, 
and the ventral columellar region at the 
anterior end of the penultimate whorl. In 
contrast to the surrounding digestive gland, 
the testis has a coarser appearance. The 
epidermal covering of the testis generally 
lacks melanin, but always contains scat- 
tered large flecks of orange pigment. 

The vas deferens (Figs. 17-18: VD), 
while similar in origin and path to that in 
Campeloma geniculum, immediately termi- 
nates behind the posterior end of the man- 
tle cavity (PMC) and is approximately 1/2 
the length as in that species. It is 1/5 the 
width and 5% the length of the seminal 
vesicle in Lioplax. 

The seminal vesicle (Figs. 17-18: SV) is 
a uniformly white, loosely convoluted 
structure, Originating immediately behind 
the posterior end of the mantle cavity 
(PMC). It is located slightly dorsomedial to 
the columellar muscle (CM) (and thus not 
obscured from view); its length is approxi- 
mately 3/4 that of Campeloma geniculum, 
but if the convolutions were straightened 
out it would be greater. Convoluted, it is 
roughly 80% the length of the mantle 
cavity; straightened it would exceed the 
length of the mantle cavity. The organ’s 
internal organization consists of a few spo- 
radically spaced villi of variable size and 
shape that project from the walls into a 
large central lumen. 

The pallial vas deferens (Figs. 17-19: 
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FIGS. 16-19. Reproductive anatomy of male Lioplax pilsbryi. See text for description. All scales are 
1 тт. FIG. 16. Dorsolateral view of intact apical and part of penultimate whorl to show natural 
topographic locations. FIG. 17. Dorsal representation of reproductive system in hypothetically discoid, 
largely uncoiled animal (part of dorsal mantle removed). FIG. 18. Connections of seminal vesicle. FIG. 
19. Prostate gland running through copulatory tentacle. 

CM, columellar muscle; DG, digestive gland; E, eye; HK, “hook'”'; PMC, posterior end mantle cavity; 
PR, prostate gland; RT, right tentacle; ST, stomach; SV, seminal vesicle; T, testis; TN, tentacular nerve; 


VD, vas deferens; VD’, pallial vas deferens. 


VD’) differs from that of Сатре/ота 
geniculum in its comparatively greater 
length and more oblique path from the 
seminal vesicle (SV) to the prostate gland 
(PR). It originates at the anterior end of 
the seminal vesicle, courses posteriad along 
(and obscured by) the sinistral side of the 
columellar muscle (CM) before passing be- 
neath the seminal vesicle at the latter's 
midpoint onto the floor of the mantle 
cavity, and terminates at the posterior end 
of the prostate gland. In this species its 
dimensions are approximately 1/2 the 
width and 10% the length of the seminal 
vesicle. 

The uniformly white, convoluted pros- 
tate gland (Figs. 17, 19: PR), lying under 
the anterior 2/3 of the epitenial ridge, is 
proportionately larger in length than that 
of Campeloma geniculum. 

The right (copulatory) tentacle (Figs. 
17, 19: RT) differs from that of Campe- 


loma geniculum in several aspects. In 
Lioplax pilsbryi, its surface contains at 
most only a slight dusting of melanin, and 
a high density of flecks of orange pigment 
gives it a solid orange appearance. The left 
male tentacle and both female tentacles 
have on the top and sides several transverse 
bands of melanin between dense concentra- 
tions of orange pigment. The short, thick- 
ened, copulatory tentacle initially appears 
to be bluntly truncated, but finer examina- 
tion shows that its sinistral region is elon- 
gated. That region anteriorly narrows to a 
sharp, white tip (HK) that curves dextrally 
around the end of the tentacle. The 
pointed tip, through which the prostate 
opens, gives a hooked appearance when, on 
rare occasions, it is extended. The “hook” is 
usually carried tightly across the end of the 
tentacle. During locomotion, both tentacles 
are carried in an anterior and slightly 
ventral direction. Innervation within the 
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copulatory tentacle in this species is similar 
to that of C. geniculum except that the 
tentacular nerve more closely parallels the 
direction of the tentacular portion of the 
prostate gland. 

Females (Figs. 20-25). The ovary (Figs. 
21-24: O) is similar in appearance and loca- 
tion to that of Campeloma geniculum 
throughout most of its length. Distally, 
however, as it approaches the posterior 
border of the albumen gland (AG), it turns 
slightly mediad (sinistrally) and enters the 
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gland. Moreover, the junction (ОО) of the 
ovary with the albumen gland duct (AD) 
and oviduct (OD) occurs within the albu- 
men gland. A gonopericardial duct (СРО) 
diverges from the ovary at the point where 
the ovary penetrates the albumen gland and 
proceeds toward the pericardium at a more 
oblique angle than that of С. geniculum. А 
gonopericardial duct is absent in males. 

The albumen gland and oviduct (Figs. 
20-21, 23-24: AG & OD, respectively) are 
similar to those in Campeloma geniculum 


BP 
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FIGS. 20-25. Reproductive anatomy of female Lioplax pilsbryi. See text for description. All scales are 
1 mm. FIG. 20. Dorsolateral view of intact apical, penultimate and part of body whorl to show natural 
topographic locations. FIG. 21. Dorsal representation of reproductive system in hypothetically discoid, 
largely uncoiled animal (part of dorsal mantle removed). FIG. 22. Ventral view of nuclear part of apical 
whorl. FIG. 23. Dorsolateral view of parts of apical and penultimate whorls. FIG. 24. Relationships of 
proximal components of female system. FIG. 25a. Sinistral view of distal end of pallial oviduct and 
vagina. FIG. 25b. Anterodorsal view of vagina and birth pore. 

AD, albumen gland duct; AG, albumen gland; BP, birth pore; CM, columellar muscle; CT, ctenidium; 
DG, digestive gland; ER, epitenial ridge; GPD, gonopericardial duct; H, heart; |, intestine; K, kidney; M, 
mantle; MS, muscle; O, ovary; OD, oviduct; OO, opening of ovary into albumen gland duct; PMC, 
posterior end mantle cavity; PO, pallial oviduct; RT, right tentacle; SR, seminal receptacle; ST, stomach; 


U, ureter; V, vagina. 
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except for color. In Lioplax pilsbryi the 
albumen gland is white to yellow-orange; 
the oviduct is light yellow to white, except 
for the distal end, which is red. In histo- 
logical sections of this gland, mature, typi- 
cal spermatozoa were observed within the 
lumen of the acini. 

The white seminal receptacle (Figs. 
20-21, 23: SR) is located behind the poste- 
rior end of the mantle cavity (PMC). Its 
proximal region is externally dilated and 
‘bulbous in appearance where it anteroven- 
trally receives the distal tip of the proximal 
arm of the oviduct (OD). Internally, the 
walls have a thin, longitudinally grooved, 
glandular lining; the floor, also glandular 
but slightly thicker, is pushed up into ir- 
regular folds. Histological sections rarely 
showed sperm contained in this organ (only 
4 of 55 adult specimens taken from differ- 
ent collections contained sperm here). 

The pallial oviduct (Figs. 20-21, 23-25a: 
PO), located along the dextral margin of 
the body whorl, entirely within the roof of 
the mantle cavity, is comparatively shorter 
and narrower than that of Campeloma 
geniculum. \n Lioplax, it is a white struc- 
ture that is covered with superficial flecks 
of orange pigment that are present in vari- 
able concentrations but densest along the 
sinistral margin. 

The narrow vagina (Figs. 21, 25a-b: V) 
at the distal end of the pallial oviduct (PO) 
is attached dorsally for nearly its entire 
length to the thickened muscular edge of 
the mantle (M). A slit in its distal tip forms 
the birth pore (Fig. 25b: BP). 


Viviparus georgianus 


Males (Figs. 26-31). The bright yellow 
to gold testis (Figs. 26-29: T’, T”) is com- 
paratively much larger than in either of the 
2 previously described species. In most ani- 
mals it consists of 2 distinctly separate 
parts that are connected by the vas defer- 
ens (VD). Its posterior portion (T') occu- 
pies the entire ventral and sinistrolateral 
surfaces of the apical whorl. The green- 
brown digestive gland (DG) abuts its dorsal 
and dextral surfaces. The anterior portion 
(T") extends from the natural columellar 
axis, along which runs the intervening vas 
deferens (VD), to the dorsal midline sur- 
face of the body whorl, behind the poste- 
rior end of the mantle cavity (Fig. 27: 
PMC). It is bordered posteriorly by the 


digestive gland (DG), sinistrally by the in- 
testine (1), and anteriorly by the dextro- 
posterior portion of the mantle cavity. In 
other animals from this population, varying 
amounts of tissue scattered along the inter- 
vening vas deferens join the 2 testicular 
regions (creating testicular lobes as in 
Campeloma geniculum), and in rare cases 
the amount of connecting testicular tissue 
is sO great that it curves anterodorsad from 
an apical position of origin as a single, 
large, elongated, sinuous mass. Regardless 
of the nature of the testis, a heavy concen- 
tration of melanin occurs in the epidermis 
covering the anterodorsal portion of the 
testis (T”), with only a lighter dusting of 
melanin on the posteroventral portion of 
the testis (T'). Preserved animals show little 
color difference between the testis and the 
digestive gland, but the gonad 1$ distin- 
guished by its finer textural appearance. 

The nearly transparent vas deferens 
(filled with fluid contents creating a white 
appearance) (Figs. 27-29: VD) has a pro- 
portionately greater diameter and length 
than in Campeloma geniculum and Lioplax 
pilsbryi. The dendritic arrangement of testi- 
cular ductules (cf Fig. 29), anastomosing to 
form the main collecting duct which joins 
the seminal vesicle, is most easily discerned 
in this species. 

The seminal vesicle (Figs. 27-30: SV) is 
a short, straight structure originating im- 
mediately behind the posterior end of the 
mantle cavity. It is located along the poste- 
rior 3rd of the columellar edge of the man- 
tle, but is not obscured from view by the 
columellar muscle as in Campeloma genicu- 
lum. Internally, numerous villi of irregu- 
lar shape and differing size project from 
the walls into a small, central lumen. 

The white pallial vas deferens (Figs. 
27-28, 30: VD'), located ventral to the 
seminal vesicle on the floor of the mantle 
cavity, extends obliquely sinistroposteriorly 
from the distal end of the seminal vesicle 
(SV) to nearly the level of the posterior 
end of the latter and enters the posterior, 
proximal end of the prostate gland (PR). 

The large prostate gland (Figs. 27-28, 
30: PR) is distinctly different in appear- 
ance from that of both Campeloma genicu- 
lum and Lioplax pilsbryi. Located beneath 
the epitenial ridge of Viviparus the prostate 
spans nearly the entire length of the mantle 
cavity (Fig. 27: PMC shows the posterior 
end of mantle cavity). A thick muscular 
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FIGS. 26-31. Reproductive anatomy of male Viviparus georgianus. See text for description. АП scales 
are 1 тт. FIG. 26. Dorsolateral view of intact apical and part of body whorl to show natural 
topographic locations. FIG. 27. Dorsal representation of reproductive system in hypothetically discoid, 
largely uncoiled animal (part of dorsal mantle removed). FIG. 28. Connections of seminal vesicle. FIG. 
29. Dendritic pattern of ductules entering vas deferens from distal part of testis. FIG. 30. Prostate gland 
running through copulatory tentacle. FIG. 31. Tip of copulatory tentacle showing *'hook” unsheathed 
from cul-de-sac. 

CDS, cul-de-sac; CM, columellar muscle; DG, digestive gland; E, eye; HK, “hook”; |, intestine; ON, 
optic nerve; PMC, posterior end mantle cavity; PR, prostate gland; RT, right tentacle; ST, stomach; SV, 
seminal vesicle; Т’, proximal (posterior) part of testis; T”, distal (anterior) part of testis; TN, tentacular 
nerve; VD, vas deferens; VD’, pallial vas deferens. 


coating, consisting of an external circular 
layer and an inner longitudinal layer 
around the entire organ, shows regions of 
color: the distal 2/5 is dark gray, the cen- 
tral 2/5 is deep rose and the proximal, 
tentacular 1/5 is dull white. Beneath the 
muscle layers, the prostate is a smooth, 
non-convoluted duct, from whose walls 
numerous villi of variable size and shape 
protrude toward a small, central lumen. 
Three distinct internal regions were dis- 
cernible in histological sections: a posterior 
region with large, coarse, moderately acido- 
philic granules, a middle part (perhaps cor- 
responding to the red region of living ani- 
mals) containing moderately acidophilic but 
small, fine granules, and a strongly acido- 
philic anterior section containing medium- 


sized granules. 

The right (copulatory) tentacle (Figs. 
27, 30: RT) is similar in appearance and 
carriage during locomotion to that of 
Lioplax pilsbryi. The surface contains 
flecks of bright red-orange pigment atop a 
solid, subepidermal concentration of 
melanin (same pattern as in all non-copula- 
tory tentacles). Unlike that of L. pilsbryi, 
the white tip or “hook” (HK) is ordinarily 
sheathed in an adjacent cul-de-sac (Fig. 31: 
CDS) on the anterodextral side of the 
tentacle. 

Females (Figs. 32-38). The organization 
of the female reproductive system in Vivi- 
parus georgianus is quite different from that 
in Campeloma geniculum and Lioplax 
pilsbryi, with the albumen gland and 
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FIGS. 32-38. Reproductive anatomy of female Viviparus georgianus. See text for description. All scales 
are 1 тт. FIG.32. Dorsolateral view of intact apical and part of body whorl to show natural 
topographic locations. FIG. 33. Dorsal representation of reproductive system in hypothetically discoid, 
largely uncoiled animal (part of dorsal mantle removed). FIG. 34. Ventral view of nuclear part of apical 
whorl. FIG. 35. Dorsolateral view of posterior portion of body whorl. FIG. 36. Ventrolateral view of 
relationships of proximal components of female system; anterior is to the right. FIG. 37. Transverse 
section of albumen gland, seminal receptacle and proximal pallial oviduct; snail's left on viewer's right. 
FIG. 38a. Sinistral view of distal end of pallial oviduct and vagina. FIG. 38b. Ventral view of vagina and 
birth pore. 

AG, albumen gland; BP, birth pore; CM, columellar muscle; DG, digestive gland; F,, incubating 
young; |, intestine; М, mantle; O, ovary; OD, oviduct; PMC, posterior end mantle cavity; PO, pallial 
oviduct; RT, right tentacle; SG, sperm groove; SR, seminal receptacle; ST, stomach; V, vagina. 


seminal receptacle of Viviparus situated al- 
most entirely ventral to the posterior end 
of the pallial oviduct. 

The long, thin, translucent ovary (Figs. 
33-36: O), of a yellow to gold appearance 
owing to its fluid contents, is readily lo- 
cated along the natural columellar axis of 
the apical whorl in living animals. It usually 
has 1 or more sinistrolateral branches at 
variable locations along its length. The path 


of the ovary is similar to that of Lioplax 
pilsbryi. А gonopericardial duct was not 
found in either females or males. 

The large, yellow to gold a/bumen gland 
(Figs. 33, 35-37: AG) is an elongated struc- 
ture that has concave sides and a ventral 
ridge, and is tapered and flattened posteri- 
orly. Most of this gland 15 situated beneath 
the posterior 3rd of the pallial oviduct 
(PO), behind the posterior end of the man- 
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tle cavity (PMC), and only an anterior, 
dextrolateral lobe projecting upward and 
toward the natural columellar axis in the 
region of the ovary-oviduct junction can be 
seen in dorsal aspect. Several small ducts 
within the gland anastomose to form the 
wide, short albumen gland duct, which 
enters the oviduct within the albumen 
gland at the point of the junction of the 
ovary (O) with the oviduct (OD). In histo- 
logical sections, no spermatozoa were seen 
within this gland. This observation may be 
erroneous, however, because the mature 
glands undergoing secretory activity sec- 
tioned poorly, with the tissue usually 
shredding. This problem was less severe in 
Campeloma geniculum and Lioplax pilsbryi. 

The oviduct (Figs. 33, 35-36: OD), 
often at least partially obscured by a cover- 
ing of connective tissue, is otherwise similar 
in appearance to that of both Campeloma 
geniculum and Lioplax pilsbryi. In contrast 
to those 2 species, the entire oviduct in 
Viviparus georgianus lies posterior to the 
mantle cavity. 

The elongated, whitish seminal recepta- 
cle (Figs. 36-37: SR) is located between 
the ventral surface of the posterior 3rd of 
the pallial oviduct (PO) and the dorsal sur- 
face of the albumen gland (AG), with its 
anterior and posterior ends reversed from 
those of the latter. lts blunt posterior end 
is at the level of the posterior end of the 
mantle cavity (PMC), and its tapered ante- 
rior end curves slightly dextrad and opens 
ventrolaterally into the posterior end of the 
pallial oviduct. Prominent internal ventral 
folds or ridges, such as those seen т 
Campeloma geniculum and Lioplax pilsbryi 
which merge into the sperm groove (Fig. 
37: SG) on the dextroventral wall of the 
pallial oviduct, are lacking. 

The pallial oviduct (Figs. 32-33, 35-38: 
PO) is similar in shape and location to that 
of both Campeloma geniculum and Lioplax 
pilsbryi. In size it is proportionately equal 
to that in C. geniculum and larger than 
that in L. pilsbryi. 

The vagina (Figs. 33, 38: V) at the 
distal end of the pallial oviduct (PO) is 
more elliptical in shape than those of either 
of the other 2 species described herein. 
Curving slightly mediad, it terminates 
nearly at the dextral edge of the mantle 
(M). The elliptical birth pore (Fig. 38b: 
BP) is on its anterior-submedial surface. A 
quite straight vagina was seen when observ- 


ing the mantle cavity of shell-bearing, live 
animals, and curvature may have been the 
result of traumatic contraction in both de- 
shelled living animals and preserved speci- 
mens. The vagina is dorsally attached for 
nearly its entire length to the dextrolateral 
edge of the mantle. The wall of the vagina 
consists mainly of circular muscle fibers. A 
moderate, subepidermal dusting of melanin 
gives the vagina a dark gray appearance, 
whereas the region around the birth pore 
contains numerous flecks of bright orange 
pigment above a speckled gray background 
of melanin. 


DISCUSSION 
Terminology 


Anatomical names previously applied to 
viviparid reproductive structures have 
varied, although the described and/or illus- 
trated structures show similar grades of 
organization. Among males, the testis and 
vas deferens (s.s.) have been consistently 
and correctly identified, whereas the 
seminal vesicle, prostate gland and penial- 
prostate complex of the copulatory tenta- 
cle were frequently misidentified and/or 
misnamed. Among females, most of the 
confusion concerned delineation of the 
ovary, oviduct and seminal _ receptacle. 
Tables 1 and 2 compare the terminology of 
some previous studies with that employed 
here. Also, the presence (or absence) of a 
gonopericardial duct has rarely been men- 
tioned. Fretter & Graham (1962) report 
this duct in female Viviparus viviparus; 
Berry (1974) reported it in female Filo- 
ра/и та sumatrensis (Dunker) and 
Siamopaludina martensi (Frauenfeld). 

In this study the seminal vesicle in males 
is recognized as distinct from the vas 
deferens and pallial vas deferens. In previ- 
ous studies (Table 1) these 3 structures 
were frequently considered to be 1 organ. 
Such a distinction is based primarily upon 
the secretory nature of the seminal vesicle 
as seen in histological section and second- 
arily upon their size differences. The 
seminal vesicle is abruptly larger than either 
of the other ducts. 

On the basis of gross dissections, the 
ovary, albumen gland duct and oviduct in 
females are recognized as distinctly separate 
organs with a common junction point. The 
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area where the distal ends of the ovary and 
albumen gland duct converge with the 
proximal end of the oviduct is slightly, but 
distinctly enlarged (Figs. 13, 24). In several 
previous studies (Table 2) this distinction 
was not made. 

Previous reports on the histology of vivi- 
parid reproductive systems are lacking, and 
such a description is not the intent of this 
paper. No detailed functions are herein 
ascribed to the various accessory reproduc- 
tive organs, nor can the distinct regionaliza- 
tion in the male prostate gland be ex- 
plained. 

Previous accounts of viviparids have gen- 
erally reported only the form and organiza- 
tion of the reproductive organs. Here, in 
addition to form, the relative size and posi- 
tion of the reproductive organs were con- 
sidered in relation to mantle cavity length 
and size and position of other reproductive 
organs (Table 3). The noted variation in 
organ size and position among the 3 species 
studied here and the value of observing 
these differences will be discussed below in 
more detail. 


Interspecific Variation 


Little is known about interspecific varia- 
tion in viviparids, especially with regard to 
the reproductive systems. Although it ap- 
pears that interspecific differences may be 
quite subtle (i.e., relative organ size in com- 
Parison to other organs), previous studies 
did not include enough details to permit 
valid anatomical comparisons via the litera- 
ture. More studies on more viviparid species 
are needed before interspecific variation 
can be well documented. 

Baker (1928) reported no interspecific 
differences among males (and females) of 6 
species and subspecies of Campeloma. His 
description of the male organization of C. 
integrum (Say) is in basic agreement with 
that of C. geniculum given here, but his 
description and illustration of the female 
system are more similar to those given here 
for Viviparus georgianus. He portrayed a 
large albumen gland and seminal receptacle 
as being ventral to the pallial oviduct in C. 
integrum, which is in contrast to the com- 
paratively smaller albumen gland and 
seminal receptacle posterior to the pallial 
oviduct in C. geniculum. Except for no 
mention of a gonopericardial duct and de- 
tails of the junction of the ovary with the 


oviduct, Mattox's (1938) findings on the 
parthenogenetic С. rufum are very similar 
to those recorded here for females of the 
dioecious С. geniculum. In later describing 
2 new species, С. /eptum and С. tannum 
(both allegedly parthenogenetic), Mattox 
(1940) ignored the reproductive system but 
reported interspecific variation in the form 
of the metanephridium and ctenidial fila- 
ments. In his account of the male system 
of С. “ponderosum coarctatum (Lea),”” Van 
der Schalie (1965: pl. 4) illustrated features 
not found in C. geniculum: an apparent 
bifurcation of the “vas deferens” (i.e., true 
Prostate) within the right (copulatory) 
tentacle, and a small, but distinct, papilla 
at the gonopore at the tip of the tentacle. 
The organizations of the 2 species are 
otherwise in agreement. 

Only Baker (1928) previously investi- 
gated reproductive anatomy in Lioplax. His 
account of the male system in L. sub- 
carinata wisconsinensis Baker (= L. 
sulculosa (Menke) fide Clench & Turner 
[1955]) is in close agreement with that 
system in L. pilsbryi, except that no “hook” 
was described at the tip of the copulatory 
tentacle, and the testis in L. pilsbry was 
not bilobed. Baker intended his description 
and illustration of the female system of 
Campeloma to apply also to Lioplax, but 
with the albumen gland and seminal re- 
ceptacle depicted as being ventral to the 
pallial oviduct, it actually approximates the 
organization seen here in Viviparus. Both 
these organs are posterior to the pallial 
oviduct in L. pilsbryi. 

The male and female systems in Vivi- 
parus georgianus generally appear to be 
similar to those of its congeners, which 
were described in several prior accounts 
(Tables 1, 2). The most striking difference 
noted is in the seminal vesicle: convoluted 
in V. subpurpureus (Say) (Baker, 1928) 
and straight in V. georgianus (present 
paper). The female system in V. georgianus 
seems to be only partially similar to that in 
У. contectus (Millet) (Ankel, 1925; 
Dembski, 1968; Bottke, 1972) and V. vivi- 
parus (Speyer, 1855; Baudelot, 1863). 
Bottke {1972) noted that the only reliable 
criterion for distinguishing between V. 
contectus and V. viviparus is chromosome 
number, viz., М = 7 and N = 10, respec- 
tively. He thus considered that Ankel 
(1925), and perhaps some others who had 
also identified their material as V. vivi- 
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TABLE 4. Characters shared among the North American viviparid genera. Character numbers are ex- 
plained in Table 3, from which asterisked characters are excluded here. 


Campeloma: Viviparus 


Campeloma: Lioplax Lioplax: Viviparus 


Characters shared 5,6,9, 10 3157191207 4, 13, 16, 28 
2122023724925} 
26,27,29 
% of the 26 characters 
in common 15.3 57.6 15.3 
Characters not shared 
among genera 7,14,30 
parus, really studied V. contectus. Accord- Baker (1928) attempted to define 


ing to prior illustrations of the female re- 
productive structures in the latter 2 species 
(cf present Fig. 42), either part of the 
albumen gland was not shown or the gland 
is proportionately smaller and more dextral 
than in V. georgianus. Moreover, Ankel 
(1925) either illustrated a sinistral repro- 
ductive system in a dextral animal (if seen 
in dorsal aspect), reflected the ovary and 
oviduct sinistrally (if presenting a ventral 
view), or the albumen gland and seminal 
receptacle lie dorsal to the posterior end of 
the pallial oviduct (not ventral as in V. 
georgianus). Bottke (1972), whose illustra- 
tion was based on that by Ankel (1925), 
also indicated a more dextrolateral albumen 
gland and seminal receptacle. The organiza- 
tion seen in V. georgianus is similar to that 
described and illustrated for V. intertextus 
and V. subpurpureus by Baker (1928), even 
though his illustration is allegedly that of a 
Campeloma. 

Annandale & Sewell (1921) reported 
specific differences between males (i.e., 
testicular and tentacular structure) but not 
between females of Viviparus viviparus and 
V. bengalensis. The latter species is now 
considered to belong to the genus 
Idiopoma and not Viviparus. Rohrbach 
(1937) reported interspecific variation in 
relative organ and gland sizes in both male 
and female reproductive systems of 
Bellamya capillatus (von Frauenfeld) and 
B. unicolor (Olivier). 


Generic Definitions 


Viviparid genera have been erected on 
the basis of shell form and sculpture, 
opercular features (e.g., concentric or sub- 
spiral) and radular characteristics (e.g., 
number and form of cusps per tooth; 
Thiele, 1929). Subsequent studies have re- 
ported some anatomical features which 
further distinguish certain taxa. 


generic features in the male reproductive 
system in a study of several species of 
Campeloma, Lioplax and Viviparus. He was 
unable to discern any organizational dif- 
ferences in the female system, and, as pre- 
viously mentioned, illustrated a female C. 
integrum (having the apparent organization 
of Viviparus as described in this study) as 
representative of all 3 genera. He did not 
report the reproductive organization of 
Viviparus to be distinctly different from 
that of Campeloma and Lioplax, nor did he 
discern the more subtle variations between 
the latter 2 taxa (Table 3). Table 5 sum- 
marizes Baker’s application of reproductive 
system organization to delineate genera. 
Rao (1925) reported intergeneric differ- 
ences in the central nervous system, 
stomach lining and form of ctenidial fila- 
ments in the nominal genera Cipango- 
paludina, Idiopoma, Margarya and Tala; he 
did not investigate the reproductive systems 
in these genera. A distinct seminal vesicle 
appears to be absent in the nominal genera 
Bellamya Jousseaume (cf Rohrbach, 1937; 
Kamaloney, 1968; Berry, 1974), Cipango- 


paludina Hannibal (Ming-Chün, 1929; 
Fu-Ching, 1935) and /diopoma pilsbryi 
(Annandale & Sewell, 1921; Neumann, 


1928; Rohrbach, 1937). 

Baker’s (1928) idea of further distin- 
guishing viviparid genera on the basis of 
anatomical features (especially within the 
reproductive system) is feasible, but not on 
the basis of his incomplete and sometimes 
erroneous observations. Certain characters 
listed in a generic description by Baker, 
while certainly applying to that particular 
genus, also apply to other genera. Consid- 
eration of organ size in relation to mantle 
cavity length or another reproductive organ 
(i.e., seminal vesicle in males; pallial ovi- 
duct in females) apparently is often as 
important as organ structure and position 
in delineating these 3 North American 
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TABLE 5. Characteristics of the viviparid reproductive system used by Baker (1928) to further define 


North American genera. 


Campeloma 


Lioplax Viviparus 


Penis long, narrow tube-like; 
somewhat convoluted; in 
right tentacle 


Male system 


Prostate sac-like 


Vas deferens! long, narrow 
and convoluted 


Testis bilobed 


Female system As in Viviparus 


Penis long, narrow convolu- 
ted tube in right tentacle 


Vas deferens2 long; partly 
convoluted, partly straight 


Prostate with 10 large folds 


Testis bilobed 


As in Viviparus 


Penis large and cylindri- 
cal; in the squarely 
truncated right tentacle 


Vas deferens2 short 


Prostate large and sausage- 
shaped 


Testis bilobed 


Ovary small, digitiform 

Albumen gland beneath 
spermatheca 

Spermatheca large, sac-like; 
at upper end of uterus 

Uterus large; vagina tube- 
like 


1Termed prostate in present study. 


2Termed seminal vesicle & vas deferens in present study. 


genera. Although similar in the basic organ- 
ization of both males and females, 
Campeloma and Lioplax can be distin- 
guished on the basis of relative organ size 
as well as form. The vas deferens, seminal 
vesicle and seminal receptacle’ in 
Campeloma are proportionately larger, with 
the pallial vas deferens and prostate smaller 
than the homologous structures in Lioplax 
(KHable 35. characters, 77 abl. 142 21): 
Seminal vesicle origin and form, absence of 
а penial “hook,” site of the ovary-oviduct- 
albumen. gland duct junction, lack of 
vaginal attachment to the mantle and birth 
pore shape may also serve to distinguish 
Campeloma from Lioplax (Table 3). Vivi- 
parus can be readily distinguished pri- 
marily on the basis of a short, thick 
seminal vesicle plus a nonconvoluted pros- 
tate in males, and a large seminal receptacle 
and albumen gland ventral to the pallial 
oviduct, and a pallial oviduct extending 
into the visceral mass in females (Table 3). 
Table 6 summarizes the most readily dis- 
cernible characters in the reproductive 
system for these taxa. Confirmation of the 
validity of these differences as generic char- 
acters awaits more detailed studies of more 
species. However, it does appear that the 
organization of the reproductive system 
may be quite uniform within the genera 
Campeloma, Lioplax and Viviparus. 


Affinities of North American Genera 


Evolutionary studies on North American 


viviparids are few; those which exist have 
not discussed the intergeneric relationships 
of this fauna. For example, Prashad (1928), 
in his study of viviparid distribution, evolu- 
tion and paleogeography, listed Campe- 
loma, Lioplax and Viviparus as subgenera 
of Viviparus. He considered the family to 
be of polyphyletic origin with North 
America being one of the main evolu- 
tionary zones. He did not discuss the rela- 
tionships among Campeloma, Lioplax and 
Viviparus. 

Viviparus appears to be ancestral to 
Campeloma and Lioplax on the basis of (1) 
a wider distribution including the Palearctic 
and Nearctic regions (Campeloma and 
Lioplax are strictly Nearctic), (2) a distinct 
overall organization of the reproductive 
system (only relatively minor organizational 
characters are shared with Campeloma and 
Lioplax [Tables 3, 4]), and (3) preliminary 
comparative observations on the reproduc- 
tive organization of Viviparus, Campeloma 
and Lioplax and certain African and Asian 
viviparid genera which suggest that these 
latter genera are more closely allied to Vivi- 
parus than to Campeloma or Lioplax. Of 
the 30 reproductive system characters listed 
in Table 3, characters number 1, 2, 8 and 
18 (each marked with an asterisk) are con- 
sidered to be potentially too variable to 
delineate taxa; these pertain to organ color 
and testicular structure. The latter char- 
acter is especially variable among con- 
specific Viviparus. Only 3 characters are 
unique to each genus: seminal vesicle 
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TABLE 6. Summary of major reproductive system characteristics which further delineate North American 


viviparid subfamilial and generic groupings. 


Subfamily: 
Viviparinae 
Vas deferens > 25% length of seminal vesicle 
Seminal vesicle short & thick 


Pallial vas deferens > 1/3 length of seminal 
vesicle 

Prostate non convoluted 

Albumen gland & seminal receptacle ventral 
to pallial oviduct 

Pallial oviduct extends into visceral mass 


Genus: 


Viviparus 
As in subfamily until Tu/otoma has been 
studied 


Lioplacinae 
Vas deferens < 25% length of seminal vesicle 
Seminal vesicle long, thin; can be slightly con- 
voluted 
Pallial vas deferens < 1/3 length of seminal vesicle 


Prostate tightly convoluted 

Albumen gland & seminal receptacle posterior to 
pallial oviduct 

Pallial oviduct not in visceral mass 


Campeloma 


Seminal vesicle origin at posterior end of mantle 
cavity 

Nonconvoluted seminal vesicle < length of man- 
tle cavity 

Prostate 1/3 length of mantle cavity 

Copulatory tentacle “hook” absent 

Junction of ovary and oviduct sinistroventral to 
albumen gland 

Vagina not dorsally attached to mantle 


Lioplax 


Seminal vesicle origin posterior to mantle cavity 

Seminal vesicle (if straightened) > length of man- 
tle cavity 

Prostate 2/3 length of mantle cavity 

Copulatory tentacle ‘‘hook”’ present 

Junction of ovary and oviduct within albumen 
gland 

Vagina dorsally attached to mantle 


length, length and birth pore 
shape. 

Viviparus and Campeloma show only 
15.3% similarity, sharing just 4 of the 26 
main characters. The similarity between 
these 2 genera is within the male system as 
there are 4 common male characters shared 
and no female characters. As previously 
mentioned, the female organization in Vivi- 
parus is distinctly different from that in 
Campeloma and Lioplax. Viviparus and 
Lioplax also have 15.3% of the characters 
in common. Lioplax and Campeloma are 
more similar to each other than is either to 
Viviparus. Campeloma and Lioplax share 
57.6% of the characters. In this case, how- 
ever, the similarities are predominantly 
within the female system. Of the 15 com- 
mon characters, 4 pertain to the male 
system and 11 pertain to the female sys- 
tem. Table 4 summarizes the characters 
shared among these genera. 

Lioplax, being more similar to Campe- 
loma in both male and female organization 
than to Viviparus, was probably derived 
from the stock giving rise to Сатре/ота. 
The characters shared by Lioplax and Vivi- 
parus (viz., seminal vesicle origin, tentacular 


prostate 


“hook” in males, junction site of ovary, ovi- 
duct and albumen gland duct, and vaginal 
attachment to the mantle cavity roof) seem 
minor compared to the organizational dif- 
ferences between the 2 genera. Likewise, 
the similarities between Campeloma and 
Viviparus (viz., seminal vesicle position and 
disposition, the number and spacing of in- 


ternal villi in the seminal vesicle) also 
seem minor. 
The changes in reproductive system 


Organization which have occurred during 
the evolution of Campeloma and Lioplax 
from Viviparus primarily involved a de- 
crease in relative organ size (especially in 
the female system) and a change in organ 
form (especially in the male system). These 
differences have been previously discussed. 
The apparent shifting of the albumen gland 
and seminal receptacle from a position 
ventral to the pallial oviduct in Viviparus 
to posterior in Campeloma and Lioplax is 
more likely the result of a decrease in 
pallial oviduct length such that it no longer 
occupied part of the visceral mass, plus an 
accompanying decrease in the size of these 
accessory organs (especially the seminal re- 
ceptacle). 
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There is a 4th nominal generic group 
(Tulotoma) in North America, but its anat- 
omy is unknown. A more definitive inter- 
pretation of the affinities of the North 
American viviparid genera awaits its eluci- 
dation. 


Viviparid Subfamilies 


The subfamilies which | recognize are: 
Viviparinae sensu Gill, 1863, Lioplacinae 
Gill, 1863 and Bellamyinae Rohrbach, 
1937. The North American subfamilies are 
compared in Table 6 on differentiating 
characters of the reproductive system. All 
viviparid genera discussed in the text are 
assigned to these subfamilies as shown in 
Table 7. 

Baker (1928) emphasized the male 
reproductive system of several species of 
Campeloma, Lioplax and Viviparus in sup- 
port of Gill’s (1863) Lioplacinae and Vivi- 
parinae. Baker thus recorded Lioplacinae 
(penis “thin, tube like’’) containing Campe- 
loma and Lioplax and Viviparinae (s.s.) 


TABLE 7. Subfamilial classification of viviparid 
genera mentioned in text. 


Bellamyinae 


Viviparinae Gill Lioplacinae Gill Rohrbach 


Tulotoma 
Viviparus 


Campeloma 
Lioplax 


Bellamya 
Cipangopaludina 
Filopaludina 
Idiopoma 
Margarya 
Siamopaludina 
Taia 


(penis “thick, sausage shaped””) containing 
Viviparus. Thiele (1929) [evidently having 
overlooked Gill (1863)], using radular char- 
acteristics, and Wenz (1939), citing the 
presence or absence of bands on the 
embryonic shells, listed Campeloma and 
Lioplax in Campelominae Thiele, 1929 and 
Viviparus in Viviparinae. 

Rohrbach (1937) subsequently distin- 


guished his new taxon Bellamyinae from 
Viviparinae (s.s.) according to, in part, both 
male and female features. The bellamyine 
testis (cf Fig. 39) is located along the roof 


FIGS. 39-42. Comparison of bellamyine (39-40) and viviparine (41-42) structural reproductive organiza- 
tions. FIG. 39. Male Bellamya unicolor (after Rohrbach, 1937). FIG. 40. Female B. unicolor (after 
Rohrbach, 1937). FIG. 41. Male Viviparus viviparus (after Neumann, 1928). FIG. 42. Female У. 
contectus (after Ankel, 1925). Dotted line (Figs. 39, 41): posterior end of mantle cavity. 

AG, albumen gland; DG, digestive gland; O, ovary; OD, oviduct; PMC, posterior end mantle cavity; 
PO, pallial oviduct; PR, prostate gland; RT, right (copulatory) tentacle; SR, seminal receptacle; SV, 
seminal vesicle; T, testis; VD, vas deferens; VD’, pallial vas deferens. 
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of the mantle cavity, entirely outside the 
visceral mass, and the seminal receptacle 
(Fig. 40) is a long, U-shaped tube. In vivi- 
parines (sensu Rohrbach) (Fig. 41) the 
testis is located within the visceral mass, 
firmly affixed to the digestive gland, and 
the seminal receptacle is a short, sac-like 
widening at the posterior end of the pallial 
oviduct (Fig. 42). Neither Lioplacinae Gill 
nor Campelominae Thiele were mentioned 
by Rohrbach. 

Whereas Gill- (1863) and Baker (1928) 
considered the Nearctic viviparids to com- 
prise 2 subfamilies (Lioplacinae and Vivi- 
parinae), Rohrbach (1937) treated these 
species as consubfamilials in the Vivi- 
parinae. Nevertheless, it would appear that 
certain characters serve to divide the 
Nearctic fauna into 2 natural groups (Table 
6): the Lioplacinae comprised of species 
native to the Nearctic region and the Vivi- 
parinae comprised of both Nearctic and 
Palearctic species. The subfamily 
Bellamyinae is comprised of species in the 
Ethiopian and Oriental regions. However, 
more anatomical studies are necessary to 
determine if this large group can be more 
definitively classified into more natural 
species groupings. 

On the basis of findings from this and 
other studies, it appears that the basic or- 
ganization of the reproductive system is 
uniform at the generic level in the Lio- 
placinae and Viviparinae. In contrast, pres- 
ent knowledge also suggests that the male 
and female reproductive anatomies in all 
the bellamyine genera may be quite uni- 
form. However, additional anatomical 
studies on more viviparid taxa are necessary 
to assess the validity and application of the 
previously stated generic and subfamilial 
characters. 
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ABSTRACT 


The oxygen consumption of 2 amphibious snails, Pomacea paludosa (Say) and Marisa 
cornuarietis (Linnaeus), was measured at 6 different temperatures from 10-35°C. Each animal 
was tested separately in both aquatic and moist air environments. 

Both species are able to respire in water and in air. Statistical analysis of the regression 
coefficients indicates that slopes representing oxygen uptake in water and air differ 
significantly for Marisa, but slopes for Pomacea show no difference between the 2 
environments. 

There is a general increase in the respiratory rate of both species with rising temperature. 
The values for Ото are higher at low temperatures for Pomacea, but not for Marisa. 

Small snails use more oxygen (ul/g dry wt/hr) than large snails. As a result, individual 
snails of varying weights have similar total oxygen consumptions. Large Pomacea animals 
show lower standard deviations and standard errors at each temperature, indicating that large 
snails are less affected by rising temperature. During aquatic respiration of both species, the 
Qıo at 10-20°C and 20-30°C increases with large snails. 

Statistical analysis indicates that there is no difference between the sexes in the oxygen 
consumption of Pomacea paludosa. 

In the laboratory, Pomacea paludosa utilizes aerial respiration more frequently than 


Marisa cornuarietis. 


INTRODUCTION 


Gastropods, being ectotherms, show in- 
creased oxygen consumption with rising 
temperature. This has been demonstrated in 
prosobranchs (McLean, 1962; Newell 8: 
Northcroft, 1967) and pulmonates (Hurst, 
1927; Cheatum, 1934; von Brand et al., 
1948; Berg, 1952; Scholander et al., 1953; 
Berg & Ockelmann, 1959; Daniels & Armi- 
tage, 1969). 

There is less agreement as to the effect 
of weight on oxygen uptake in gastropods. 
Most studies indicate that with an increase 
in snail weight, there is a corresponding 
increase in oxygen consumption (Berg, 
1952; Berg & Ockelmann, 1959). Other 
studies show no clear relationship between 
oxygen consumption and weight (Rising & 


Armitage, 1968; Daniels & Armitage, 
1969). 

Oxygen uptake per unit weight de- 
creased with increasing size in 10 species of 
aquatic prosobranch and pulmonate snails 
(von Brand et al., 1948; Newell & North- 
croft, 1967) but not in the land pulmo- 
nates Helix pomatia and Cepaea hortensis 
(Liebsch, 1929). 

The oxygen consumption of amphibious 
gastropods in aquatic and terrestrial envi- 
ronments, and the effect of sex on oxygen 
uptake, have not been studied. 

The freshwater ampullariid snails 
Pomacea paludosa (Say) and Marisa cornu- 
arietis (Linnaeus) were chosen because each 
has a gill and a pulmonary sac which adapt 
them for an amphibious life. The purpose 
of this study was to determine the oxygen 


consumption of the 2 species in water and 
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in air, and to note the effect of tempera- 
ture, weight and sex (in Pomacea paludosa) 
on oxygen consumption. 


MATERIALS AND METHODS 


The oxygen consumption of the 2 snails 
was measured by a Gilson Differential 
Respirometer (Gilson, 1963; Umbreit et al., 
1964) utilizing 150 ml beaker-type activity 
chambers. The serially oriented activity 
chambers, balanced by a single reference 
flask, oscillated at a speed of 67 cycles/min 
while suspended in a thermostatically con- 
trolled water bath. Each animal was tested 
separately. A 15% solution of KOH in the 
side well and on filter paper absorbed the 
carbon dioxide. A 1 hour period of thermal 
equilibration was allowed at each tempera- 
ture before any readings were taken. Read- 
ings were then recorded at 10 min intervals 
for 1 hour and corrected to standard tem- 
perature and pressure. Longer periods of 
reading (up to 4 hours) were made with no 
apparent increase in accuracy. 

Since both species are amphibious, oxy- 
gen consumption was measured in an 
aquatic environment and in a moist air 
environment (5 ml H,O/flask). Usually the 
same individuals were used in both tests 
(aquatic and air) to minimize individual 
differences. The snails were inactive during 
the tests and attached to the sides of the 
activity chambers by means of the foot. 

The animals were exposed to the same 
aquarium environment for 4-8 weeks before 
being tested. These were kept at a tempera- 
ture of 21-24°C, and fed 15 hours prior to 
testing. 

Oxygen consumption (ul/g/hr) was com- 
puted for dry tissue weight, for wet weight 
of living tissues, for the dry tissue plus dry 
shell weight, and for total (including shell) 
live weight of Pomacea paludosa. Since the 
strongest correlation of oxygen consump- 
tion with temperature occurred with dry 
weight, dry tissue weight was then used for 
further calculations and comparisons. Total 
live weight (including shell) was also highly 
correlated with oxygen consumption. 

Wet tissues were dried at 88°С for 24 
hours and weighed on a Mettler Gram-atic 
Balance. All regression analyses of the data 
were done оп an IBM 360-65. Statistical 
results were tested at the 5% level of 
significance. 


The snails used are native to Florida and 
are commonly sold in pet stores through- 
out the United States. Pomacea paludosa 1$ 
used as food by the limpkin in Florida and 
southeast Georgia (Harper, 1936) and the 
kite in Surinam (Haverschmidt, 1959). 
Marisa cornuarietis is a predator of Austra- 
lorbis glabratus, the snail intermediate host 
of Schistosoma mansoni (von Brand et al., 
1948) in Puerto Rico. Studies have indi- 
cated that Marisa may serve as a biological 
control of this host (Chernin et al., 1956; 
Ferguson et al., 1958). 


RESULTS 


Effect of Water Temperature on 
Oxygen Consumption 


The mean oxygen consumption of 121 
Pomacea and 83 Marisa animals showed an 
increase with rising water temperature 
(Figs. 1-2). Oxygen uptake was slightly 
lowered at 35°C in Marisa. Both species 
survived a range of 10-35°C (40°C was 
lethal). 

The correlation coefficients indicate that 
temperature and rate of oxygen uptake are 
highly correlated in Pomacea, less so in 
Marisa. The range, standard deviation and 
standard error increased at each higher tem- 
perature in Pomacea but fluctuated in 
Marisa. 


Effect of Air Temperature on 
Oxygen Consumption 


When respiring in air, the oxygen con- 
sumption of 106 Pomacea and 86 Marisa 
animals increased with rising temperatures 
(Figs. 3-4). Oxygen uptake was lowered at 
35°C in Pomacea. Both species survived the 
same range of temperatures (10-35°C) as in 
water. 

The means, ranges, standard deviations 
and standard errors, calculated for each 
temperature, showed a general increase 
with rising temperature in Pomacea. The 
means of Marisa showed a moderate in- 
crease with rising temperature, but ranges, 
standard deviations and standard errors 
showed inconclusive results. 


Effect of Weight on Oxygen 
Consumption 
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FIG. 1. Effect of water temperature on oxygen consumption of Pomacea paludosa. The vertical lines 
show observed ranges, rectangles mark standard deviations with solid black indicating standard errors. 
The means are indicated by the horizontal lines. Oxygen consumption 1$ plotted on a logarithmic scale. 


When calculated ul/g dry wt/hr, the log 
oxygen uptake varies inversely with log 
body weight at 10°C (В = 2.239 - 0.965W, 
n = 36 for Pomacea and R = 2.188 - 
0.879W, n = 17 for Marisa). Regression 
coefficients were significantly different 
from O at 10 and 30 C for both species. 
Statistical analysis of the coefficients indi- 
cates a significant difference between the 
slopes at 10 and 30°C for Pomacea (t 
-4.34 with 64df) and for Marisa (t 
-7.73 with 30 df). 

Individual snails of varying weights have 
similar total oxygen consumptions at 10 C 
(R = 2.238 + 0.035W, n = 36 for Pomacea 
and В = 2.188 + 0.121W, п = 17 for 


Marisa). Regression coefficients for both 
species were not significantly different 
from 0. 

A comparison of groups of large and 
small (above and below 1g dry wt) 
Pomacea paludosa also shows that small 
snails use more oxygen (ul/g dry wt/hr) 
than large snails. Statistical analysis of the 
regression coefficients indicates a significant 
difference between the slopes representing 
large and small snails in water (t = 2.25 
with 155df) and in air (t = 2.50 with 
93 df). 

A comparison of groups of large and 
small (above and below 0.50g dry wt) 
Marisa cornuarietis showed a significant dif- 
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FIG. 2. Effect of water temperature on oxygen consumption of Marisa cornuarietis. The vertical lines 
show observed ranges, rectangles mark standard deviations with solid black indicating standard errors. 
The means are indicated by the horizontal lines. Oxygen consumption is plotted on a logarithmic scale. 


ference between the slopes representing the 
2 sizes in water (1 = 4.65 with 67 df) but 
not in air (t = 0.88 with 75 df). 


Effect of Sex on Oxygen Consumption 


Seventy-one measurements of oxygen 
consumption for male and 50 for female 
Pomacea paludosa were made in an aquatic 
environment. Fifty similar measurements 
were made for male and 45 for female in a 
moist air environment. 

Mean oxygen consumptions, ranges, 
standard deviations, standard errors and sta- 
tistical analysis of the coefficients indicate 


that there is no difference between the 
sexes in the oxygen consumption of 
Pomacea paludosa in water or in air. 


DISCUSSION 


The mean oxygen consumptions for 
Pomacea paludosa show an increase with 
rising temperature, with a slight percentage 
decrease at the highest temperatures (values 
for Q,0109-20°C = 2,58 in water and 2.97 
in air). This is an illustration of Krogh’s 
curve (Krogh, 1914) which is shown by 
other gastropods (von Brand et al., 1948; 
Berg, 1952). Marisa cornuarietis also dem- 
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FIG. 3. Effect of air temperature on oxygen consumption of Pomacea paludosa. The vertical lines show 
observed ranges, rectangles mark standard deviations with solid black indicating standard errors. The 
means are indicated by the horizontal lines. oxygen consumption is plotted on a logarithmic scale. 


onstrates an increase in oxygen consump- 
tion with increasing temperature but at a 
more moderate rate (QO, ¿10-20”C = 1.18 in 
water and 1.03 in air). 

The Q,, values for Pomacea are higher 
between 10 and 20°С than between 20 and 
30°C in both air and water. The Ого was 
also higher at low temperatures for both 
arctic and tropical pulmonate snails (Scho- 
lander et al., 1953) and for the freshwater 
pulmonate Physa hawnii (Daniels & Armi- 
tage, 1969). In contrast, the O,, for 
Marisa is higher between 20 and 30 C than 
between 10 and 20°C in both aquatic and 
aerial respiration. 

Statistical analysis of the regression coef- 
ficients for oxygen consumption of 


Pomacea paludosa at different temperatures 
in water and air shows no significant differ- 
ence between the 2 slopes (t = -0.43 with 
212 df) which indicates that Pomacea is as 
well adapted for terrestrial as for aquatic 
respiration. Oxygen uptake at 35°C re- 
duced in air and probably indicates more 
respiratory stress at higher air temperatures. 
Statistical results for Marisa cornuarietis 
show a significant difference between the 2 
slopes (t = 2.81 with 153 df) with a greater 
slope representing oxygen consumption of 
the snails in the aquatic environment. 
Marisa is apparently better adapted for 
aquatic respiration. 

Temperatures of 10-35°C were tolerated 
well and the respiration rate of pre-tested 
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FIG. 4. Effect of air temperature on oxygen consumption of Marisa cornuarietis. The vertical lines show 
observed ranges, rectangles mark standard deviations with solid black indicating standard errors. The 
means are indicated by the horizontal lines. Oxygen consumption is plotted on a logarithmic scale. 


snails (in both water and in air) returned 
during a recovery period of 24 hours. At 
40”C, however, both species were definitely 
damaged. The 35°C maximum survival tem- 
perature (lethal at 40°C) is similar in the 2 
species and to that reported for other 
snails. Maximum temperatures tolerated by 
gastropods are 38°C for Physa virginiana, 
living in hot springs (Brues, 1928), 35°C 
(lethal at 43°) for Littorina littorea (New- 
combe et al., 1936), 37°C (lethal at 41°) 
for Australorbis glabratus (von Brand et al., 
1948), 31°C for 2 freshwater limpets (Berg, 


1952), and between 40 and 45°C for 
Pomacea urceus (Burky et al., 1972). A 
lethal temperature of 40°C was found for 
the arctic pulmonate Succinea strigata 
(Scholander et al., 1953). Pomacea palu- 
dosa survived at a low temperature of 56. 
The tolerance of a wide range of tempera- 
tures and the ability to respire in water and 
in air enhances survival of Pomacea palu- 
dosa and Marisa cornuarietis in the fresh- 
water streams and temporary ponds of 
Florida. 

The relation between body weight and 
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oxygen consumption shows that the log 


oxygen uptake varies inversely with log 
body weight in both species at 10°С. The 
slopes of -0.89 for Pomacea and -0.94 for 
Marisa differ at 30°С (-0.35 for Pomacea 
and 0.48 for Marisa). Slopes for Littorina 
littorea also showed an increase with higher 
temperatures from -0.94 at 2.5°С to -0.64 
at 24.5°С (Newell & Northcroft, 1967). 
While small snails use more oxygen (ul/g 
dry wt/hr) than large snails, individual 
snails of varying weights have similar total 
oxygen consumptions. 

In Pomacea paludosa, a comparison of 
oxygen consumptions of large and small 
snails shows that large snails have lower 
rates of oxygen uptake at each of 6 differ- 
ent temperatures in both water and in air. 
Small Pomacea snails show higher standard 
deviations and standard errors at each tem- 
perature and in both environments. Large 
snails are apparently less affected by in- 
creasing temperature. Adult aestivating 
Pomacea urceus snails were also able to 
withstand higher air temperatures than the 
young (Burky et al., 1972). 

Large Marisa animals have lower rates of 
oxygen uptake in water but there is no 
significant difference between the sizes in 
air. During aquatic respiration of both spe- 
cies, the Ojo at 10-20°C and 20-30°C 
increases with the size of the snails. Data 
from several sources (Rao & Bullock, 1954) 
also showed that Ото is commonly more 
with increasing size in several ectotherms, 
but Read (1962) found wide variation in 
the effect of size on Ого т 2 bivalves. 

While the 2 ampullariids were able to 


respire in either water or air during the © 


experiments, observation in the laboratory 
shows that snails in well aerated aquaria 
utilize both aquatic and aerial respiration. 
The 2 species rise to the surface at intervals 
to take in air. The snails have long respira- 
tory tubes or siphons, which are formed 
from the left anterior edges of the mantle 
(Demian € Yousif, 1973). A siphon length 
of 7cm was observed in Pomacea, a dis- 
tance equal to the length of the shell. The 
siphon in Marisa is shorter; Demian (1965) 
found that the siphon in Marisa never 
exceeded 12 тт in length, which is ap- 
proximately 1/3 the diameter of the shell. 
Air is taken in through the left siphon, 
which is extended above the water. While 
both active movements (Ysseling, 1930) 
and simple diffusion respiration occur in 


pulmonate snails, air is taken into the 
pulmonary sac of these 2 species by muscu- 
lar action. A pumping movement lasting 
from 10-50 seconds occurs in which the 
anterior portion of the snail rocks back and 
forth 10-20 times, apparently to bring air 
into the pulmonary sac. In the laboratory, 
Pomacea in aquaria take in air up to 10-12 
times an hour while resting (showing no 
other activity except the siphonal, or aerial, 
respiration) to 20 times an hour when 
active. During the 2 types of feeding activi- 
ty—ciliary by means of the foot (McClary, 
1964) and radular—siphonal respiration 15 
interrupted and irregular. 

In Marisa, air intake is sporadic, usually 
not more than 1-3 times an hour and 
frequently less. Demian (1965) found that 
the intervals of siphonal respiration in 
Marisa depend on the quality of the water 
in the aquarium, with more frequent aerial 
respiration in foul water. The ability to 
utilize aerial respiration during sub-optimal 
water conditions would aid in the survival 
of the snails in the field. 

Pomacea utilizes aerial respiration more 
frequently than Marisa. 

Since Pomacea is used as food by birds 
(Haverschmidt, 1959; Harper, 1936), the 
presence of a long breathing siphon would 
allow aerial respiration while the snail is 
hidden beneath the surface of the water. 
The length of the siphon may also be an 
adaptation for penetrating matted surface 
vegetation (Prashad, 1925). 
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OXYGEN CONSUMPTION AND THE USE OF 
METABOLIC RESERVES DURING STARVATION AND 
AESTIVATION IN BUL/NUS (PHYSOPSIS) 
AFRICANUS (PULMONATA: PLANORBIDAE) 


J. Heeg 


Department of Zoology, University of Natal, 
Pietermaritzburg, South Africa 


ABSTRACT 


Aestivating Bulinus (Physopsis) africanus (Krauss) snails are shown to have a lower 
oxygen consumption rate than those starving in water. This lowered oxygen uptake may 
possibly be brought about by change to a different metabolic pathway, since the slope of 
the log rate/temperature regression for oxygen consumption by aestivating snails is signifi- 
cantly different from those for fed and starving individuals. Starving snails use metabolic 
reserves in the form of protein, carbohydrate and lipid more rapidly than do aestivating 
snails, and this economy is commensurate, at least over a period of 21 days, with the 
reduction in oxygen consumption which characterises aestivation. The ability to effect this 
change upon being removed from water, although linked to the ability to survive exposure, 
high temperatures and starvation, is not shared by all individuals in the population studied. 
This can account for reported variations, both within and between populations of planorbid 


species, in their ability to survive out of water. 


INTRODUCTION 


Von Brand et al. (1948) have shown 
that a marked reduction in the rate of 
oxygen consumption is caused by starva- 
tion in all of the several species of proso- 
branch and pulmonate Gastropoda studied 
by them. A reduction in the oxygen uptake 
rate for aestivating Biomphalaria glabrata 
has also been shown by von Brand et al. 
(1957), and, although these authors draw 
no clear distinction between starvation and 
aestivation, they do recognise a tendency 
for the rate to be lower in aestivating 
snails, which also survived longer than 
those starving in water. Enhanced survival 
during aestivation could, at least in part, be 
the consequence of a slower rate of use of 
stored metabolic reserves, although von 
Brand et al. (1957) were unable to demon- 
strate any such economy in carbohydrate 
use. They did, however, establish that 
carbohydrate metabolism could only 
account for a fraction of the oxygen con- 
sumed during both starvation and aestiva- 
tion. 

Cridland (1967) has shown aestivating 
aquatic Pulmonata of several species, 


including Bulinus (Physopsis) africanus 
(Krauss), to be capable of withstanding 
temperatures up to 50°C, but does not say 
whether this tolerance is a feature peculiar 
to the aestivating snails, nor whether it 
involves a change in the temperature 
coefficient of the metabolic pathway, 
which would be indicative of aestivation 
being a physiological state distinct from 
starvation. Only Coles (1969) has produced 
some evidence to this effect by showing 
that reactivation of aestivating В. (P.) 
nasutus results in an increase in their rate 
of oxygen consumption before the snails 
have fed. 

The present investigation seeks to 
determine whether, in Ви/ти$ (Physopsis) 
africanus, there is a distinction between 
starvation and aestivation reflected in the 
rate of oxygen consumption and therefore, 
by inference, in the metabolic rate, and 
whether metabolic reserves are consumed 
more slowly during aestivation. 


MATERIAL AND METHODS 


Animals of Bulinus (Physopsis) africanus 
used in the investigation were obtained 
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from the seepage basin of the Vernon 
Hooper Dam at Shongweni, pools in the 
Mpolweni River where № flows through the 
Krantzkloof Nature Reserve, and from the 
Bilharziasis Research Unit of the South 
African Medical Research Council at 
Nelspruit. Experimental results obtained 
from each of these 3 populations did not 
differ significantly from the others. Only 
snails free from schistosome infection and 
from Chaetogaster infestation were taken 
into laboratory culture. 

Standard laboratory culture involved 
keeping the snails in 101, metal-free 
perspex aquaria at a density of between 3 
and 4 per litre of a standard aquarium 
water of medium hardness (Cat: 1518 
meq/l; HCO3: 0.64 meq/l). Where neces- 
sary, stage acclimation from native water to 
the standard medium was practised (Heeg, 
1975). Water temperature was allowed to 
fluctuate between 15°C (night minimum) 
and 27°C (day maximum), which simulated 
field temperature conditions. The labora- 
tory diet consisted of dried boiled lettuce, 
prepared according to Garnet's (1964) 
methods, supplemented with oven-dried 
home-grown lucerne (alfalfa). No snail was 
used in an experiment until it had survived 
under these laboratory culture conditions 
for at least 14 days. Those required for any 
particular experiment were removed from 
the culture aquaria and housed individually 
in plastic cups containing 400 cc of the 
standard aquarium water. These were fed in 
isolation for a further 14 days, and any 
individual which did not feed or behave 
normally was culled. 

All experiments involved comparisons 
between fed, starving and aestivating snails. 
Allocation of individuals to a particular 
category was random. Fed snails were kept 
in individual culture and fed normally until 
24 hours before oxygen uptake determina- 
tion or tissue analysis. This period of star- 
vation was sufficient to empty the gut. 
Snails in the starvation category were kept 
in individual culture without food for a 
predetermined period of starvation; faeces, 
while these were produced, were removed 
at frequent intervals to prevent refection, 
and the water and container were regularly 
changed to minimise the possibility of algal 
and bacterial growth which could have 
been browsed. Aestivating snails were kept 
out of water on a bed of damp river sand 
for the required period of time. 


Oxygen consumption was measured in a 
Warburg respirometer, since both aquatic 
and aerial respiration rates were required. 
Dickens-Simer RO flasks (20 cc, Braun No. 
32-315) proved the most satisfactory for 
the determinations. The volumes of indi- 
vidual snails, required for the calculation of 
flask constants, were derived from the live 
weight of each snail and the average 
density for the species, determined as being 
1.13 g/cc from a sample of 10 individuals. 
Flasks containing snails in water were 
shaken for 1 minute in every 10: this 
proved sufficient to effect equilibration 
without increasing snail activity. The rate 
of oxygen consumption was, unless other- 
wise stated, determined at 25°C, and 
reflects standard metabolism at rest or at 
low activity levels. 

For the determination of metabolic 
reserves, individual snails were killed after a 
predetermined period of feeding, starvation 
or aestivation by dipping them, spire first, 
into near boiling water, taking care that no 
water entered the shell aperture. Each snail 
was dissected immediately to separate the 3 
major organ systems: (i) musculature 
(including foot and columellar muscles, 
body wall, buccal mass, penis with muscu- 
lature); (ii) alimentary system (alimentary 
tract and digestive glands); (iii) reproduc- 
tive system (all reproductive organs and 
accessory glands). The kidney was excluded 
since stored excretory products would have 
affected nitrogen determinations. The indi- 
vidual organ systems were dried to constant 
weight under partial vacuum at a tempera- 
ture of 60°C. 

Lipids were extracted from the dried 
tissue with ether in a Soxhlet reflux extrac- 
tor, and determined gravimetrically. The 
fat-free tissue, after drying and reweigh- 
ing, was dissolved in hot normal sodium 
hydroxide, and the protein and carbohy- 
drate contents of the resulting solutions 
were determined by the micro-Kjeldahl 
(Johnson, 1941) and Dreywood's anthrone 
(Morris, 1948) methods, respectively. 
Carbohydrate determinations included both 
total carbohydrate and total poly- 
saccharide. Since no qualitative analysis of 
the carbohydrate was done, all carbohy- 
drate contents were expressed as “equiva- 
lent mg glucose”. The above analyses were 
performed on the tissues of individual 
snails, in order that error estimates could 
be established, as well as on pooled samples 
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each drawn from between 4 and 6 snails. 

Details of methods relating to specific 
experiments precede the results in each 
instance. 


RESULTS 
Bulinus (Physopsis) africanus snails 
which had starved or aestivated for a 


period of 21 days showed reduction in the 
oxygen uptake rate when compared both 
with their pre-experimental rates and with 
that of the fed controls. This effect was, 
however, significantly greater in the aesti- 
vating snails (Table 1). Daily measurement 
of the rates for starving and aestivating 
snails, which demonstrated the onset and 
progression of this depression in rate of 
oxygen consumption, showed that this did 
not follow the same pattern in all aesti- 
vators. Some individuals in the aestivating 
group were unable to lower the rate below 
that achieved by those starved, while others 
were able to depress it to less than half the 
starvation level. A third group depressed 
the oxygen consumption rate to well below 
that of the starving snails and subsequently 
re-elevated it; the raised level was тат- 
tained in some and lowered again in others. 
Fig. 1 shows the onset and progression in the 
oxygen consumption rate for individual snails 
representing each of these 3 aestivating 
groups, compared with that for a typical 
starving snail. 

In view of the ambiguity of the fore- 
going results it was necessary to separate 
those snails which were effectively aesti- 
vating from those apparently merely starv- 
ing out of water. If the depression in the 
rate of oxygen consumption to below the 
starvation level was indeed indicative of an 
individual having successfully gone into 
aestivation, then a correlation between such 


TABLE 1. Comparison between the rates of oxygen 
consumption at 25°C of fed, starving and aestivat- 
ing Bulinus (Physopsis) africanus. 

Oxygen consumption rate 


(ul 02/ mg dry tissue wt./hr.) 


Treatment No. Rate at Rate after 
snails beginning 21 days, 
used of experiment, + Standard 


+ Standard Error Error 
Fed 52 1.44 + 0.035 1.40 + 0.024 
Starved 
21 days 50 1.44 + 0.034 0.81 + 0.015 
Aestivating 
21 days 51 1.37 + 0.035 0.47 +0.014 


a depression and survival out of water was 
to be expected. Thus in analysing the 
results for aestivating individuals, the daily 
determined rates of oxygen consumption of 
13 snails which had survived 28 days out 
of water were compared with those of the 
17 which had died during this period of 
exposure, and with 20 snails which were 
starving in water. The rates for the surviv- 
ing snails were, after the first 9 days, 
significantly lower than those for the 
individuals which had died, while the latter 
did not differ significantly from those 
starving in water (Fig. 2). This suggests 
that, if this admittedly arbitrary period of 
28 days survival out of water is accepted as 
a criterion for successful aestivation, then 
aestivation does involve a depression in the 
rate of oxygen uptake to a level below that 
typical for starvation. 

The possibility that the depression in 
oxygen consumption in aestivating snails 
was the result of their exposing a smaller 
surface area for respiratory exchange than 
did snails in the other categories could be 
ruled out because the initial rates for each 
category did not differ significantly from 
one another. Furthermore, the difference 
between starving and aestivating snails only 
started to become apparent after 5 days. 
On the basis of these results, then, effec- 
tively aestivating snails would be those 
whose rate of oxygen consumption falls 
within 2X Standard Error of the mean 
values for the surviving group shown in Fig. 
23 

The effect of temperature on the 
oxygen consumption rates of fed, starving 
and aestivating Bulinus (Physopsis) 
africanus was determined by measuring the 
oxygen uptake of each individual snail at 
5°C to 50°C. An equilibration time of 1 
hr. was allowed after each temperature 
change and, except at temperatures above 
40°C, each determination was made over a 
period of 4 hr. Only aestivating snails were 
able to survive temperatures above 40°C, 
and survival in this case was a function of 
time; at 45°C survival was limited to 4 hr, 
while at 50°C the snails succumbed after 2 
hr, death being preceded by up to a 5-fold 
increase in oxygen consumption. Determi- 
nations at these extremes were, therefore, 
made over 2 and 1 hr respectively. Snails in 
the control group had to be fed after every 


2 or 3 determinations to keep their oxygen 
consumption rate from dropping to the 
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tissue wt/h) 


RATE OF OXYGEN CONSUMPTION 
(pl 0,/mg dry 


TIME 
FIG. 1. Onset and progression of depression in the rate of oxygen consumption of a starving Bulinus 


(Physopsis) africanus ( O 
the aestivating category (group 1: 
explanation see text. 


— — h —— 


, 


starvation level. Starving and aestivating 
snails were used only after 16 days starva- 
tion or aestivation. Since snails out of 
water were not necessarily aestivating, the 
only individuals in this category which 
were used were those with an oxygen 
uptake rate lower than 0.05 ul/mg live 
weight/h at 25°C. This value was calculated 
to be the rate, expressed in terms of live 
weight, for an effectively aestivating snail 
after 16 days out of water. 

Fig. 3 shows the effect of temperature 
on the oxygen uptake rates of fed, starving 
and aestivating Bulinus (Physopsis) 
africanus, and Fig. 4 is an Arrhenius plot 
of these rate/temperature curves. There is 
no significant difference between the slopes 
of the lines for fed and starving individuals 
in Fig. 4, suggesting that the depression in 
the rate on starvation is due to the metabo- 
lic pathway being either enzyme- or sub- 
strate-limited. The slope of the line for 


10 15 20 


(days) 


), compared with those of representatives of each of the 3 groups in 
group 2: — e — group 3:——X ——}.For further 


aestivating snails differs significantly from 
those for both fed and starving animals 
(0.001 >P), which implies a change in the 
activation energy of some component of 
the metabolic pathway. 

Quantitative determinations of the 
protein, carbohydrate and lipid contents of 
fed, starving and aestivating Bulinus 
(Physopsis) africanus showed aestivation to 
be economical in the use of these metabolic 
substrates. Table 2 shows the results 
obtained from the analysis of individual 
snails, but while these give a general indica- 
tion of the trends and of the variability 
within each of the categories, they do not 
allow comparison since both starvation and 
aestivation involved losses in dry weight of 
the tissues due to catabolic processes, and 
these differed significantly from one anoth- 
er. Direct comparison could only be made 
on the basis of a “standard snail””. А fed 
“standard snail’’ was regarded as one whose 
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FIG. 2. Onset and progression of depression in the rate of oxygen consumption of aestivating Bulinus 


(Physopsis) africanus which had survived 28 days out of water ( 


aestivating snails which had died during this time ( 


e ——), compared with those of 
О — and of snails starving in water (——X——). 


Coordinates denote mean values; offsets denote compass of 2X Standard Error. 


dry tissue weight, exclusive of kidney, was 
25 mg. The dry weights of its individual 
organ systems were derived by proportion- 
ately allocating to it the mean dry weight 
values for these organ systems obtained 
from all determinations done on fed snails 
(i.e., those included in Table 2 plus those 
which contributed to pooled tissue samples 
analysed, a total of 78 snails). These values 
could, in the same way, be derived for 
starving and aestivating “standard snails”. 
Knowing from the analyses done what 
percentages of each organ system consti- 
tuted protein, carbohydrate and lipid, these 
percentages could now be ascribed to the 
“standard snail’’ dry weights to obtain 
absolute values for these. Table 3 shows 
the derived values which are directly com- 
parable and reflect the actual losses which 
a snail with a dry tissue weight of 25 mg 
would incur due to catabolic processes 
after 21 days starvation or aestivation. 


Since it had been shown that the fall in 
the rate of oxygen consumption during 
starvation is not a linear function of time 
(the greatest rate of change occurring during 
the first 5 days), determinations were also 
done at weekly intervals over a period of 
21 days. The results obtained, extrapolated 
to a “standard snail’’, are shown in Fig. 5 
and are consistent with the oxygen uptake 
pattern in that the major fraction of the 
depletion of metabolites takes place during 
the inital stages of aestivation and starva- 
tion. Two further points emerge from the 
results: there is a remarkable constancy in 
the carbohydrate content of the reproduc- 
tive system after the initial drop during the 
first week of starvation and aestivation, 
and, the most striking difference between 
starving and aestivating snails lies in the 
rate of depletion of metabolites from the 
alimentary system. 

Fig. 6 compares the total oxygen con- 
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FIG. 3. Rates of oxygen consumption at different temperatures of fed (-—X——), starving ( 


and aestivating ( 
compass of 2X Standard Error. 


sumption calculated as being necessary for 
the complete oxidation of the metabolites 
used by starving and aestivating “standard 
snails’’ as per Fig. 5, with measured con- 
sumption derived from Fig. 2 and corrected 
for a “standard snail””. The agreement 
between the 2 is good for aestivators, but 
the results for starving snails show a dis- 
crepancy over the first 2 weeks. The results 
do not allow for any explanation, other 
than that it is likely to be due to experi- 
mental error, since the snails for which 
oxygen consumption was measured were 
not those whose tissues were analysed. 


E 


e ——) Bulinus ‘Physopsis) africanus. Coordinates denote mean values; offsets denote 


DISCUSSION 


There is good agreement between the 
oxygen uptake rates obtained for Bulinus 
(Physopsis) africanus and those reported 
for Biomphalaria glabrata by von Brand et 
al (1948, 1957), differences between the 2 
being merely a question of degree and 
probably explicable in terms of environ- 
mental conditions in their respective native 
habitats. Thus the rate for Bulinus (P.) 
africanus at 25°C approximates that for 
Biomphalaria glabrata at 30°C, probably 
reflecting the more tropical distribution of 
the latter. The tentative suggestion by von 
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FIG. 4. Arrhenius plots of the rate/temperature relationships shown т Fig. 3. 


Brand et al (1957) that a physiological 
difference between starvation and aestiva- 
tion is possible in Biomphalaria glabrata 1$ 
confirmed for Bulinus (P.) africanus where 
the temperature coefficient for the oxygen 
uptake rate by aestivating snails is mark- 
edly different from that for active snails. 
Such a difference is also evident in the 
work of Coles (1969) on Bulinus 
(Physopsis) nasutus. 

The results also show that aestivation is 
economical in the use of stored reserves in 
Bulinus (Physopsis) africanus, and there is 
every suggestion that this economy is com- 
mensurate with the reduction in metabolic 
rate, as reflected in oxygen consumption, 
which accompanies aestivation. It is doubt- 
ful whether this factor alone is responsible 
for increased survival of aestivating snails; 
on the contrary, preliminary experiments 
suggest that water content is the main 
factor determining the time of survival in 
the aestivating state. The importance of 
reduced use of metabolic substrates as a 
factor contributing to survival can, how- 
ever, be gauged from the considerable mor- 
tality among snails starving in water; of 
those used in this investigation, more than 


30% died within 21 days and only a single 
individual survived for 28 days. 

The general agreement between the find- 
ings for representatives of both the Planor- 
binae and the Bulininae is suggestive of a 
mechanism common to all Planorbidae. 
However, such a generalization must be 
viewed with caution as there is evidence 
that, among the Prosobranchia at least, 
aestivation may involve different processes 
in different species within a single genus. 
Meenakshi (1964) has found that in the 
Indian ampullariid snails Pila virens and Pila 
globosa aestivation involves sustained 
anaerobiosis with lactic acid accumulation 
compatible with glycolysis. Coles (1968), 
by contrast, has shown aestivation in the 
African Pila ovata to be aerobic, but involv- 
ing a lowering of the oxygen uptake rate, 
which agrees not only with the results 
obtained for the 3 planorbid species investi- 
gated to date, but also with those for Helix 
pomatia (Wells, 1944). While the possibility 
of a shift to anaerobic respiration later in 
aestivation cannot be ruled out for the 
Planorbidae, available evidence militates 
against this. Aestivating Bulinus (Physopsis) 
nasutus is activated by anaerobic conditions 
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TABLE 3. Distribution of metabolic reserves among indivi El de j 
3 g individual organ systems of a “standard” Bulinus 
(Physopsis) africanus and the losses of these substrates incurred during 21 days starvation and 


aestivation. 
Fed snail 
Content Content 
(mg) (mg) 
Protein 
Musculature EZ 5.63 
Alimentary 
system 4.76 2.62 
Reproductive 
system 3.88 1.66 
Total 15.91 9.91 
Carbohydrate 
Musculature 0.51 0.49 
Alimentary 
system 0.68 0.12 
Reproductive 
system 0.47 0.18 
Total 1.66 0.79 
Lipid 
Musculature 0.16 0.13 
Alimentary 
system 0.66 0.24 
Reproductive 
system 0.44 0.14 
Total 1.26 0.51 
Dry tissue weight 
Musculature 11.35 10.65 
Alimentary 
system 8.45 4.89 
Reproductive 
system 5.20 2.36 
Total 25.00 17.90 
(Coles, 1969). Also, von Brand et al. 


(1957) suggest that protein constitutes the 
main metabolic substrate during starvation 
and aestivation in Biomphalaria glabrata, 
and this is confirmed here for Bulinus (P.) 
africanus. Anaerobic respiration would 
require a change to glycolysis, with a con- 
comitant lower energy yield, for which the 
carbohydrate reserves would appear inad- 
equate. Facultative anaerobiosis is, how- 
ever, more likely to occur in the operculate 
Ampullariidae with their more effective 
means for closing the shell aperture, and 
this may well account for Meenakshi's 
results; it seems likely that the anaerobic 
pathways demonstrated by von Brand et al. 
(1950) in several Planorbidae are important 
mainly as a contingency measure during 
transient anaerobic conditions such as the 
water-logging of muds into which the snails 
have burrowed to aestivate. Reactivation 
under such conditions, as reported by Coles 
(1969), would have survival value т 
enabling the snails to escape, while their 


Starved snail 


Aestivating snail 


Loss Content Loss 
(mg) (mg) (mg) 
1.64 6.00 1.27 
2.14 3:73 1.03 
2.20 2.41 1.47 
6.00 12.14 3.77 
0.02 0.52 -0.01 
0.56 0.42 0.26 
0.29 0.27 0.20 
0.87 1.21 0.45 
0.03 0.20 -0.04 
0.42 0.32 0.34 
0.30 0.21 0.23 
0.75 0.73 0.53 
0.70 10.82 0.54 
3.56 7.06 1.39 
2.84 3.13 2.07 
7.10 21.01 4.00 
glycolytic pathways are temporarily 


invoked to tide them over until aerobic 
conditions are reached. 

The ability of pulmonates to survive 
droughts by aestivating has been clearly 
shown by Cridland (1967), Olivier (1956) 
and Olivier & Barbosa (1956). Shiff (1964) 
has shown the importance of aestivation in 
the recolonization of temporary waters by 
Bulinus (Physopsis) globosus. Olivier (1956) 
does, however, point out that the ability to 
survive out of water is not necessarily 
universal within a species. He found that 
Biomphalaria glabrata and Tropicorbis cen- 
timetralis collected from seasonally flooded 
pastures showed a high percentage survival 
over a prolonged period of aestivation, 
whereas specimens of the same species 
collected from permanent pools survived 
only a relatively short time. The Bulinus 
(Physopsis) africanus used here did not all 
share the ability to effect the metabolic 
change associated with successful aestiva- 
tion. The habitats at Shongweni and 
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FIG. 5. Changes in the protein, carbohydrate and lipid content of the individual organ systems of a 
(er 


“standard” Bulinus (Physopsis) africanus during starvation and aestivation. (Musculature: 
, reproductive system: : 


alimentary system: 


Krantzkloof, from which the majority of 
these snails were collected, are subject to 
changes in water level, with at least some 
parts of the habitats drying out over the 
dry season. The extent of the drying is, 
however, not constant and seldom, if ever, 
complete; it seems likely that populations 
which inhabit truly ephemeral waters where 
they would experience frequent strong 


GC 


selection will include a high percentage of 
successful aestivators, whereas lake popula- 
tions, never subjected to drying, will 
include a lower proportion of individuals 
able to survive out of water, 

The effect of metabolic changes in 
promoting survival of an aestivating snail is 
twofold. It conserves metabolic reserves 
during the period of enforced starvation 
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FIG. 6. Oxygen required for the complete oxidation of the metabolic substrates used by starving and 


aestivating “standard” Bulinus (Physopsis) africanus during 21 days ( 


measured consumption ( 


and, by virtue of the change in the temper- 
ature coefficient of at least some reactions 
in the metabolic pathway, it enables the 
animals to survive the high temperatures 
which Cridland (1967) has shown to prevail 


e) compared with 


during aestivation. In South Africa the 
period July to November is the time when 
many streams and pools are dry; within 
this period cloud cover is minimal and 
insolation maximal during July and August, 
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and it is significant that the highest soil 
temperatures of the year are regularly 
recorded in August (Schulze, 1965). Adap- 
tation to these high temperatures is, there- 
fore, necessary for successful aestivation. 
The rotation of the rate/temperature curve 
which reflects the change in temperature 
coefficient typical of an aestivating snail is, 
in effect, the same as that characteristic of 
a Type III acclimation to high temperature 
in Prosser's (1958) classification, with the 
difference that in the latter the change in 
metabolic pathway is brought about by the 
animal's temperature history. While temper- 
ature acclimation has not been studied in 
Bulinus (Physopsis) africanus, it does seem 
possible that both aestivation and tempera- 
ture acclimation share the same underlying 
mechanism which is capable of responding 
to more than 1 proximate factor for its 
manifestation. 
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RESUMEN 


El propdsito de este trabajo consiste en aplicar un método matemático para delimitar 
malacocenosis en zonas en las que, debido a la imposibilidad de realizar un muestreo 
homogéneo, solo puede emplearse como dato cuantitativo la presencia o ausencia de las 
distintas especies. 

La idea de utilizar este método surgid al efectuar una serie de muestreos en 1973 y 1974, 
encaminados a catalogar la fauna de Moluscos de la Depresión de Granada (España), 
recolectando el material (terrestre y dulceacuicola) en 221 estaciones, de las que 176 
corresponden a las especies utilizadas en este trabajo, siendo visitada cada una al menos 2-3 
veces a lo largo del año; para reducir al mínimo el error de que alguna especie pasara 
desapercibida, se recogid todo el material posible en la zona de muestreo (desde 5-10 m? en 
chopera hasta más de 100 т? en monte de roca caliza), eliminándose del estudio estadístico 
los Pulmonados desnudos, de hábitos fumdamentalmente nocturnos, porque todas las 
recolecciones fueron diurnas, siendo por tanto muy probable que en un determinado lugar no 
se hayan recolectado aunque sí existiesen. Dado que el trabajo tenía inicialmente como 
proposito el estudio taxonómico de las distintas especies (estudio ya publicado o en vias de 
publicación), mos hemos basado fundamentalmente en ejemplares vivos para estudiar la 
rádula, mandíbula y aparato reproductor y poder así realizar las determinaciones. 

En la mayoría de los trabajos revisados (Germain, 1930; Grossu, 1973 y 1974; Schmid, 
1966; Schnetter & Schmid, 1971), las malacocenosis han sido establecidas mediante 
observación directa ligada a humedad, temperatura, vegetación, etc., aunque ya en algun 
trabajo, como el de Cameron (1973), se citan 3 tipos de fauna de Moluscos, cuyas afinidades 
se han establecido mediante un Simple Matching Index; sin embargo, Cameron indica que la 
aplicación de este método solo es util cuando las faunas comparadas son similares, lo que no 
ocurre en nuestro caso. 

Dado que las observaciones personales de cada investigador necesariamente son subjetivas, 
consideramos que es muy recomendable utilizar un método estadístico que las convierta en 
objetivas o, por el contrario, que demuestre que son falsas. Al no encontrar ningun 
precedente concreto de este tipo de estudio aplicado a Moluscos, decidimos utilizar uno de 
los ya existentes para el estudio de Insectos y ver si su applicacion era factible. 

Al ser diferentes los lugares de recogida (cuneta de carreteras, bordes de cultivos, 
oquedades de rocas, choperas, etc.) el método de recolección no fué uniforme en ellos, por 
lo que no podíamos calcular la densidad de individuos por unidad de superficie ni su 
frecuencia, ya que algunos ejemplares no podían recolectarse, a pesar de ser visibles (por lo 
accidentado del terreno), y otros posiblemente pasaban desapercibidos. Esto impedía evaluar 
cuantitativamente los resultados, por lo que el unico dato utilizable era la presencia o 
ausencia de las distintas especies; por ello buscamos un método con el que pudiésemos, con 
solo este dato, hallar el coeficiente de afinidad entre especies, escogiendo como más idóneo 
el de Bonnet et al. (1970), utilizado en el estudio de Colémbolos; este método tiene las 
ventajas de no necesitar previamente un cálculo de frecuencias y de emplear el coeficiente de 
afinidad de Pearson, que está relacionado con el parámetro X ; en cuanto a la representación 
gráfica, la empleada en este método puede resultar muy compleja cuando existe un numero 
elevado de especies, como ocurre en nuestro caso, por lo que utilizamos una más sencilla, 
eligiendo la de Dajoz (1971). 

Creemos que este trabajo puede aportar como novedad la posibilidad de establecer 
malacocenosis en zonas amplias, con relieve más o menos accidentado y con faunas 
heterogéneas, utilizando como Unico dato la presencia de las distintas especies. Su aplicación 
en la Depresión de Granada ha dado buenos resultados, permitiéndonos establecer 2 
malacocenosis: una en chopera y otra en roca caliza, mientras que en los terrenos bajos y de 
cultivo, por la poca densidad de las interasociaciones entre las especies que en ellos existen, 
nos abstenemos de definir ninguna malacocenosis. 
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INTRODUCCION 


En el transcurso de los años 1973 y 
1974 realizamos una serie de muestreos por 
la Depresion de Granada y sus alrededores 
(Fig. 1), con el fin de estudiar la fauna 
malacologica de la zona; se recogieron 139 
especies de Moluscos, terrestres y dulceacui- 
colas, en un total de 221 estaciones de 
muestreo (Fig. 2), de las que 176 co- 
rresponden a las especies citadas en este 
trabajo. 

Se perseguia como fin principal el 
estudio taxonomico de las especies exis- 
tentes, estudio que esta ya publicado o en 
vias de publicacion (Alonso, 1974, 1975a, 
b; en prensa a, b; Alonso & Ibafiez, 1975); 
pero, al realizar la recogida de ejemplares, 
pudimos observar que los Moluscos te- 
rrestres se distribuian fundamentalmente en 
3 biotopos muy concretos: chopera, roca 
caliza y sus alrededores y por ultimo, 
bordes de terrenos de cultivo, cuneta de 
carreteras, etc. Las especies que se en- 
contraron en cada uno de estos biotopos 
rara vez aparecian en otro distinto, o se 
localizaban en el con una abundancia 
sensiblemente menor; esto nos hizo pensar 
en la posible existencia de algunas associa- 
ciones malacologicas ligadas a estos bio- 
topos. 

El termino “asociacion malacologica’’ 
fue utilizado ya en 1927 por Favre; ante- 
riormente, en 1923, Germain considera a 
los grupos de Moluscos ligados al medio 
como “asociaciones faunisticas’’ (Germain, 
1930). 

Estos 2 conceptos se han empleado 
indistintamente para designar a un conjunto 
de Moluscos que se encuentran habitual- 
mente juntos y en lugares con condiciones 
de vida similares; por ejemplo, Germain 
(1930) distingue 3 grandes asociaciones en la 
fauna francesa: higrofila, xerofila у sil- 
vática. 

Aunque el término “asociacion mala- 
cologica”” es válido, es mas apropiado 
utilizar el termino “taxocenosis”” para 
designar aquella parte de la comunidad 
definida por su pertenencia a determinado 
grupo taxonomico (Margalef, 1974); por 
ello, hemos preferido usar el termino 
“taxocenosis de Moluscos”, que tambien se 
puede denominar ‘‘malacocenosis’’, para 
designar a las comunidades de Moluscos 
que se encuentran en cada uno de los 


biotopos de la zona estudiada. 

Tanto en los trabajos ya mencionados 
como en los de Grossu (1973 y 1974), 
Schmid (1966) y Schnetter & Schmid 
(1971), las taxocenosis de Moluscos han 
sido establecidas mediante observaciones 
directas ligadas a humedad, temperatura, 
vegetación, etc., aunque ya en algun 
trabajo, como el de Cameron (1973), se 
citan 3 tipos de fauna de Moluscos, cuyas 
afinidades se han establecido mediante un 
Simple Matching Index; sin embargo, 
Cameron indica que la aplicacion de este 
metodo solo es util cuando las faunas 
comparadas son similares, lo que no ocurre 
en nuestro caso. 

Dado que las observaciones personales 
de cada investigador son necesariamente 
subjetivas, consideramos que es muy ге- 
comendable utilizar un metodo estadistico 
que las convierta en objetivas o, por el 
contrario, que demuestre que son falsas. Al 
no disponer de ningun precedente concreto 
de este tipo de estudio aplicado a Molus- 
cos, decidimos utilizar uno de los ya 
existentes para el estudio de Insectos y ver 
si su aplicacion era factible. 

El método escogido tenia que soslayar 
los problemas que implica la recogida de 
Moluscos en nuestra zona, que funda- 
mentalmente consisten en que los lugares 
en que se han recogido los ejemplares son 
de naturaleza muy diversa: choperas, 
bordes de rios, cunetas de carreteras, rocas 
calizas, etc., y ademas en ellos los Moluscos 
se encuentran enterrados, sobre plantas, 
entre la hojarasca que cubre el suelo, 
introducidos en grietas de rocas, etc.; por 
tanto, los metodos empleados en su re- 
colección mo pueden ser los mismos y, 
debido a ello, es imposible calcular la 
densidad de ¡individuos por unidad de 
superficie, al igual que su frecuencia, 
puesto que muchos ejemplares no podian 
ser recogidos por lo accidentado del 
terreno, a pesar de ser visibles en algunos 
casos, por ejemplo en grietas de rocas, y 
otros pudieron pasar desapercibidos. Por 
todo ello solo hemos podido utilizar la 
presencia, puesto que, como indica Margalef 
(1974), “como representación sintética de 
la importancia de cada especie [también se 
puede usar la presencia”. 

Buscamos entonces un método en el que 
con este dato pudiesemos hallar el со- 
eficiente de afinidad entre especies, es- 
cogiendo como más idoneo el de Bonnet et 
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al. (1970), utilizado por este equipo con 
muy buenos resultados en el estudio de 
Colembolos. En cambio, la representación 
grafica del mismo puede resultar compleja 
cuando existe un elevado numero de 
especies (en nuestro caso, 68), por lo que 
decidimos utilizar una mas sencilla, 
eligiendo la de Dajos (1971). 

En resumen, pretendemos con este tra- 
bajo aplicar un metodo para el estudio de 
las malacocenosis que soslaye, por las 
dificultades que implica el muestreo, la 
falta de una serie de datos, como frecuen- 
cia, densidad de individuos, etc., y al 
mismo tiempo corrobore la observacion 
directa del investigador, haciendola 
objetiva. 


ZONA ESTUDIADA (Fig. 1) 


Con forma mas o menos redondeada, la 
Depresion muestra hacia el exterior una 
unidad perfecta, gracias a las montañas que 
la rodean. 

La delimitación montañosa se realiza a 
traves de diferentes estribaciones de los 
conjuntos bético o subbético. Su comu- 
nicación con el exterior queda establecida 
por puertos de diferentes alturas, general- 
mente sobre los 1000 m de altitud; al 
Oeste, en el lugar conocido como los 
“Infiernos de Loja’’, existe una salida para 
las aguas de la Depresion a traves de un 
portillo abierto por el río Genil. 

Al Norte se encuentran una serie de 
pequeñas sierras sin denominación comun, 
debido a la individualidad de los bloques 
que las forman, que se interrumpen en el 
Este por el pasillo natural de Iznalloz. Al 
Este de este pasillo la linea de sierras se 
hace más continua y alcanza alturas 
mayores aparaciendo, entre otras, Sierra 
Harana, que culmina a 2000 m de altitud; 
el conjunto de estas sierras se funde al Sur 
con Sierra Nevada, cerrando totalmente por 
el Este la Depresion y formando de esta 
manera el borde oriental y la cabecera de la 
misma; el Unico puerto que la communica 
con la vecina Depresion de Guadix es el de 
la Mora (1400 m de altitud). 

Al Sur, la Depresión queda cerrada por 
la Meseta de Albuñuelas, con una altura 
maxima de 1400 m, estableciendose 
contacto con la vertiente mediterránea por 
el umbral del Suspiro del Moro (851 т); al 


Oeste de la Meseta de Albuñuelas están las 
sierras de Almijara y Tejeda, que continuan 
separandola de la cuenca mediterránea, con 
alturas de hasta 2065 m. La Depresion 
queda, por ultimo, cerrada al Oeste por la 
mole.de Sierra Gorda, con alturas de 1571 m. 


MATERIAL Y METODOS! 


El material procede de 176 estaciones 
distribuidas por la Depresion y sus alre- 
dedores; cada una de estas estaciones se ha 
visitado al menos 2-3 veces a lo largo del 
año, recogiendo en cada ocasión de 3 a 5 
muestras de lugares muy proximos entre sí, 
variando la zona de muestreo desde 5-10 
m? en chopera hasta mas de 100 m? en 
monte de roca caliza. 

Para los Moluscos que viven habitual- 
mente enterrados en tierra, bien en 
choperas o en grietas de rocas calizas, se 
han recogido muestras de 1-1,5 kg de peso, 
que posteriormente han sido tamizadas por 
medio de 2 tamices superpuestos, de 2 y 
0,5 mm respectivamente de luz de malla; 
despues, con ayuda de un Stereo- 
microscopio Ill “Zeiss” (100X), fueron 
separados los ejemplares de dimensiones 
reducidas. De los que viven sobre plantas se 
han recogido todos los visibles. Por ultimo, 
de los que viven en las grietas de rocas 
calizas, se han recogido todas los que se 
han podido extraer con ayuda de unas 
pinzas. 

De esta forma, al terminar la recogida de 
material en todas y cada una de las 
estaciones de muestreo, la posibilidad de 
que alguna especie nos haya pasado 
desapercibida es minima. Ahora bien, en el 
caso de los Pulmonados desnudos, por ser 
estos Moluscos de habitos funda- 
mentalmente nocturnos y al no haberse 
utilizado metodos adecuados para su 
captura (todos los muestreos han sido 
diurnos), es muy probable que no se hayan 
recogido babosas en un determinado lugar 
aunque si existiesen; por ello y para evitar 
el error que, sin duda y por estas causas, 
llevaria consigo el estudio estadistico del 
total de los Moluscos terrestres recogidos, 
se ha prescindido de las 21 especies 
recolectadas de Pulmonados desnudos. 

Para el estudio taxonómico se tuvo еп 
cuenta no solo la concha, sino tambien el 


The Original data are on file in the archives of the Academy of Natural Sciences of Philadelphia for 
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aparato reproductor, mandíbula, dardo, 
etc.; la determinación de los ejemplares se 
ha efectuado con ayuda de las claves de 
Adam (1960), Ellis (1969), Germain (1930) 
y Likharev 8 Rammel'meier (1962); en 
cuanto al genero /berus, endémico del 
Levante español, y a algunas especies del 
genero Helicella, se han utilizado los 
trabajos de Garcia San Nicolás (1957) y 
Ortiz de Zarate (1943 a 1963), teniéndose 
ademas en cuenta las revisiones (con- 
cernientes a nuestras especies) de las 
familias Zonitidae y Sphincterochilidae, asi 
como de la Subfamilia Chondrininae, 
debidas a Riedel (1972), Forcart (1972, 
1974) y Gittenberger (1973). 

En este trabajo se prescinde del estudio 
descriptivo de las especies recolectadas, 
limitandonos a realizar un analisis 
estadístico con 68 especies de Moluscos 
terrestres, para tratar de establecer las 
malacocenosis de la Depresion de Granada. 

Como ya indicamos en la Introduccion, 
para calcular el coeficiente de afinidad 
utilizamos el metodo de Bonnet et al. 
(1970); segun estos autores, el cálculo de 
dicho coeficiente tiene la ventaja de no 
necesitar para su elaboración un calculo de 
frecuencias, basandose unicamente en la 
presencia о ausencia de las especies соп- 
sideradas. El cálculo, realizado con ayuda 
de una calculadora ‘‘Compucorp 344”, es el 
siguiente: 

Formulada la hipotesis de una dis- 
tribucion al azar, el numero teorico de 
muestras en las que se encuentran juntas 2 
especies es 


of = 2b 
N 

siendo: a: n° de muestras en que aparece 
la especie A. 

b: п? de muestras en que aparece 
la especie B. 


№: n° total de muestras. 


Comparando ahora с’ con с (c=n* de 
muestras en las que se han encontrado 
realmente juntas 2 especies), podemos 
obtener las siguientes posibilidades: 

с > с: las 2 especies tienden a excluirse. 


, . . . 
c =с: las 2 especies se distribuyen al azar. 


! . . . 5 
ce < c: las 2 especies tienden a coexistir. 


Para ver con que probabilidad la ten- 
dencia a coexistir no es debida al azar, se 
calcula el valor de x?, segun la formula 


29 ОКР (c-c’)? 
ab(N-a) (N-b) 


Por ultimo, para aquellos valores de x? 
superiores a 3,84 (valor para el cual es 
superior al 95% la probabilidad de que la 
tendencia a coexistir no sea debida al azar), 
calculamos el valor del coeficiente de 
afinidad, ®, segun la formula 


yee 
$ = 100 N 


Con los valores obtenidos de ® pasamos 
a representar graficamente los resultados, 
teniendo en cuenta que solamente se 
utilizan los valores de Ф en los casos en 
que c <c. 

Para la representación grafica hemos 
seguido el metodo empleado por Dajoz 
(1971) en el estudio de Coleopteros: se 
atribuyen, en primer lugar, distintos signos 
para cada uno de los intervalos de valores 
de Ф, por ejemplo, [] para valores com- 
prendidos entre 1-14%; [.] para valores 
comprendidos entre 15-24%, etc. 

Posteriormente se construye un cuadro 
de doble entrada, situando las especies en 
el mismo orden en la vertical y en la 
horizontal. Los signos escogidos para 
representar los valores de ® se colocan en la 
intersección de las filas con las columnas de 
cada especie; despues es necesario permutar 
el orden de las especies, conservando la 
simetria de filas y columnas, hasta 
conseguir que los coeficientes de afinidad 
mas elevados se encuentren lo más cerca 
posible de la diagonal; aparecen entonces 
grupos таз o menos definidos, pudiendo 
estar unidos unos a otros por zonas de 
transición que corresponden a especies con 
tendencia a vivir en varias biocenosis (Fig. 3). 

Además del estudio de las inter- 
asociaciones especificas, hemos analizado, 
como complemento, 2 factores caracte- 
risticos de las biocenosis: 

A/ Constancia: dada por la formula 


_ 100р 
С RA 
siendo: р: n= de muestras que contienen la 
especie A. 
P: n° total de muestras estudiadas. 


La constancia se expresa en %, dis- 
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A 


FIG. 3. Esquema general de la fragmentación de la representación gráfica de los valores del coeficiente 
de afinidad; A: biotopos de chopera y de terrenos hajos y de cultivo (Fig. 4); B: interasociaciones entre 


A y C (Fig. 5); C: biotopo de roca caliza (Fig. 6). 


tinguiendose 3 categorias de especies 
(Bodenheimer, 1955 y Balogh, 1958, en 
Dajoz, 1971): constantes, accesorias y 
accidentales. 


B/ Fidelidad: expresa la intensidad con que 
una especie se encuentra incluida en una 
biocenosis, distinguiendose las siguientes 
categorias de especies (Dajoz, 1971): 
caracteristicas, preferentes, invasoras e т- 
diferentes. 


RESULTADOS 
CATALOGO SISTEMATICO 


El n2 de orden de cada una de las 
especies que se citan a continuación es el 
que corresponde a cada una de ellas en la 
tabla | y en las figuras 3-6. 


Clase GASTROPODA 
Subclase PULMONATA 
Orden STYLOMMATOPHORA 
Familia Zonitidae Mörch, 1864 
1 - Aegopinella pura (Alder, 1830) 
2 - Euconulus fulvus (Müller, 1774) 
3 - Oxychilus (Ortizius) rateranus (Servain, 
1880) 
4 - Oxychilus 
(Beck, 1837) 
5 - Vitrea contracta (Westerlund, 1871) 
6 - Vitrea crystallina (Muller, 1774) 
7 - Vitrea diaphana (Studer, 1820) 
8 - Zonitoides (Zonitoides) nitidus (Muller, 
1774) 


Familia Endodontidae Pilsbry, 1894 


(Oxychilus)  draparnaudi 


9 - Discus (Goniodiscus)  rotundatus 
(Müller, 1774) 
10 - Punctum pygmaeum  (Draparnaud, 
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FIG. 4. Representación gráfica de las interasociaciones entre las especies de los biotopos de chopera y de 


terrenos bajos y de cultivo. 


1801) 


Familia Sphincterochilidae Zilch, 1960 
11 - Sphincterochila (Albea) candidissima 
(Draparnaud, 1801) 


Familia Helicidae Rafinesque, 1815 
12 - Cochlicella acuta (Müller, 1774) 


13 - Cochlicella conoidea (Draparnaud, 
1801) 

14 -Cochlicella ventricosa (Draparnaud, 
1801) 


15-Helicella (Candidula) andalucica (Ko- 
belt, 1882) 

16 - Helicella (Candidula) camporroblensis 
de Fez, 1944 

17 - Helicella (Candidula) intersepta (Poiret, 
1801) 

18 - Helicella (Candidula) rocandioi Ortiz 


de Zarate, 1950 

19 - Helicella (Cernuella) virgata (Da Costa, 
1778) 

20 - Helicella (Helicella) stiparum 
massler, 1854) 

21 - Helicella (Microxeromagna) stolismena 
(Bourguignat en Servain, 1880) 

22 - Helicella (Jabalconia) zujarensis Ortiz 
de Zarate, 1950 

23 - Helicella (Trochoidea) elegans (Gmelin, 
1791) 

24 - Helicella (Xerocincta) neglecta (Dra- 
parnaud, 1805) 

25 - Helicella (Xeromagna) adolfi (Pfeiffer, 
1854) 

26 - Helicella (Xeromagna) arigonis (Ross- 
mässler, 1854) 

27 - Helicella (Xeromagna) 


(Ross- 


reboudiana 
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FIG. 5. Representación gráfica de las interasociaciones de las especies de los biotopos de chopera y de te- 
rrenos bajos y de cultivo con las especies del biotopo de roca caliza. 


28 - 


29 - 


30 - 
31 
32 


- Helicella 


(Bourguignat, 1864) 

Helicella (Xeromagna) submeridionalis 
(Bourguignat, 1864) 
Helicella (Xeromagna) 
(Ferussac, 1822) 
Helicella (Xeroplexa) cobosi Ortiz de 
Zarate, 1962 


subrostrata 


(Xerotricha) horridula 


(Westerlund, 1892) 


-Helicella (Xerotricha) huidobroi (Az- 


peitia, 1925) 


33 
34 


JD 


36 


37 - 
38 - 
39 - 
- Iberus marmoratus Ferussac, 1822 
- Otala lactea (Müller, 1774) 


40 
41 


- Helix (Cryptomphalus) aspersa Muller, 
1774 

-/berus alcarazanus (Guirao en Wester- 

lund, 1889) 

/berus alonensis (Ferussac, 1817) 

-/berus alonensis minor Schmidt, 1853 

/berus gualtierianus (Linneo, 1758) 

/berus guiraoanus Rossmassler, 1854 

/berus loxanus Rossmässler, 1854 
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FIG. 6. Representación gráfica de las interasociaciones entre las especies del biotopo de roca caliza. 


42 - Otala punctata (Müller, 1774) 
43 - Theba pisana (Muller, 1774) 


Familia Subulinidae Crosse & Fischer, 1877 
44 - Rumina decollata (Linneo, 1758) 


Familia Ferussaciidae Bourguignat, 1883 

45 - Cecilioides acicula (Müller, 1774) 

46 - Cecilioides  liesvillei (Bourguignat, 
1856) 

47 - Ferussacia abromia Bourguignat, 1864 

48 - Ferussacia folliculus (Gronovius, 1781) 

49 - Ferussacia vescoi (Bourguignat, 1856) 


Familia Enidae Woodward, 1903 


50 - Chondrula (Jaminia)  quadridens 


(Muller, 1774) 
51 - Chondrula (Jaminia) nisso 
1826) 


Familia Valloniidae Morse, 1864 

52 - Vallonia costata (Müller, 1774) 

53 - Vallonia excentrica Sterki, 1892 

54 - Vallonia pulchella (Müller, 1774) 

55 - Pyramidula rupestris (Draparnaud, 
1801) 

Familia Chondrinidae 

56 - Chondrina calpica calpica (Westerlund, 
1872) 

57 - Chondrina farinesii granatensis Alonso, 
1974 


(Risso, 
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58 - Granopupa granum (Draparnaud, 1801) 


Familia Pupillidae Turton, 1831 
59 - Pupilla muscorum (Linneo, 1758) 
60 - Pupilla triplicata (Studer, 1820) 


Familia Vertiginidae Fitzinger, 1833 

61 - Vertigo antivertigo (Draparnaud, 1801) 
62 - Vertigo pygmaea (Draparnaud, 1801) 
63 - Truncatellina strobeli (Gredler, 1853) 


Familia Cochlicopidae Pilsbry, 1900 

64 - Azeca (Gomphroa) boissyi 
1850) 

65 - Cochlicopa lubrica (Muller, 1774) 

66 - Cochlicopa lubricella (Porro, 1837) 


(Dupuy, 


Orden BASOMMATOPHORA 
Familia Ellobiidae Adams, 1855 
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67 - Carychium minimum Müller, 1774 
68 - Carychium tridentatum (Risso, 1826) 


ESTUDIO ESTADISTICO 


En la Tabla 1 se indica el valor exacto 
del coeficiente de afinidad entre cada 2 
especies; la representacion gráfica de dichos 
valores se ha tenido que fragmentar por no 
ser posible imprimirla completa en el 
formato de la revista, indicandose en la 
figura 3 como se ha realizado la frag- 
mentación en 3 figuras (Figs. 4-6); se ha 
escogido como “linea divisoria” a la especie 
n° 25 (Helicella adolfi Pfeiffer), que a pesar 
de ser una especie preferente en los montes 
que rodean a la Depresión, no manifiesta 


TABLA 1. Valor del coeficiente, ®, entre cada 2 especies, sp. (las especies vienen indicadas por su 


número de orden en el catálogo sistemático). 
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asociacion significativa con ninguna otra 
especie. En cada una de estas figuras, las 
casillas en blanco corresponden a ех- 
clusiones о interacciones entre cada 2 
especies con mas de un 5% de probabilidad 
de que sean debidas al azar; el resto de las 
casillas corresponden, en todos los casos, a 
interaciones cuya probabilidad de que no 
sean debidas al azar es superior al 95%; los 
signos que ocupan cada una de estas casillas 
representan, en orden creciente, los inter- 
valos de valores del coeficiente de afinidad. 
Como puede observarse, las especies se 
asocian en 3 grupos salvo, como hemos 
mencionado anteriormente, Helicella adolfi 
Pfeiffer; estos 3 grupos, que ya eran 
previsibles por la observación directa, se 
corresponden perfectamente con los si- 
guientes biotopos: 
A) Chopera (Fig. 4, grupo superior). 
B) Terrenos bajos y de cultivo (Fig. 4, 
grupo inferior). 
C) Roca caliza (Fig. 6). 


Los 2 primeros biotopos se encuentran 
relacionados entre si debido a las especies 
Oxychilus draparnaudi, Cochlicella ven- 
tricosa y Helix aspersa que, al necesitar un 
habitat humedo, pueden vivir tanto entre la 
hojarasca de una chopera como entre las 
plantas de los bordes de las acequias, en 
terrenos de cultivo, ya que ambos medios 
les proporcionan la humedad que necesitan 
para vivir. 

Corresponden al biotopo de chopera las 
siguientes especies: 


2 - Euconulus fulvus 
3 - Oxychilus rateranus 
4 - Oxychilus draparnaudi 
8 - Zonitoides nitidus 
10 - Punctum pygmaeum 
14 - Cochlicella ventricosa 
33 - Helix aspersa 
52 - Vallonia costata 
53 - Vallonia excentrica 
54 - Vallonia pulchella 
61 - Vertigo antivertigo 
62 - Vertigo pygmaea 
65 - Cochlicopa lubrica 
66 - Cochlicopa lubricella 
67 - Carychium minimum 
68 - Carychium tridentatum 


Todas viven entre la hojarasca que cubre 
el suelo o enterradas bajo ella. 

En el biotopo de terrenos bajos y de 
cultivo incluimos по $00 las especies 
recogidas en estas zonas, sino también las 


que se encuentran en las cunetas de las 
carreteras, bordes de acequias, margenes de 
rios, etc. En este tipo de habitat los 
ejemplares viven normalmente sobre las 
plantas que le sirven de alimento, encon- 
trandose las siguientes especies: 

12 - Cochlicella acuta 

13 - Cochlicella conoidea 

15 - Helicella andalucica 

17 - Helicella intersepta 

18 - Helicella rocandioi 

19 - Helicella virgata 

20 - Helicella stiparum 

23 - Helicella elegans 

24 - Helicella neglecta 

26 - Helicella arigonis 

28 - Helicella submeridionalis 

41 - Otala lactea 

42 - Otala punctata 

43 - Theba pisana 

63 - Truncatellina strobeli 


Como puede observarse, existe una 
preponderancia casi exclusiva de Helicidae, 
fundamentalmente del genero Helicella, 
pues solo una especie no pertenece a esta 
familia. 

Comparando estos 2 primeros grupos se 
puede comprobar que tienen aproxi- 
madamente el mismo número de especies; 
sin embargo y como queda claramente 
reflejado en la Fig. 4, las interasociaciones 
en chopera son mucho más abundantes que 
en terrenos bajos y de cultivo; por otra 
parte, las especies de este ultimo apartado 
pueden encontrarse con cierta frecuencia en 
otros biotopos, lo que hace que aparezca 
mas difuminada su representacion. 

Al tercer biotopo lo hemos denominado 
biotopo de roca caliza, por considerar que 
el denominador común de todas las 
especies que en el viven son las rocas de 
este tipo. 

Dentro del mismo incluimos las especies 
rupicolas, que viven en las oquedades de las 
rocas; las saxicolas, que viven en su 
superficie; las que se encuentran enterradas 
debajo de ellas o en su base; y por ultimo, 
las que viven habitualmente sobre los 
matorrales situados entre las rocas calizas, 
en las laderas y cumbres de las montañas 
que rodean a la Depresión. 

Pertenecen a este biotopo las siguientes 
especies: 

1 - Aegopinella pura 
5 - Vitrea contracta 
6 - Vitrea crystallina 
7 - Уйгеа diaphana 
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9 - Discus rotundatus 
11 - Sphincterochila candidissima 
16 - Helicella camporroblensis 
21 - Helicella stolismena 
22 - Helicella zujarensis 
27 - Helicella reboudiana 
29 - Helicella subrostrata 
30 - Helicella cobosi 
31 - Helicella horridula 
32 - Helicella huidobroi 
34 - /berus alcarazanus 
35 - /berus alonensis 
36 - /berus alonensis minor 
37 - Iberus gualtierianus 
38 - /berus guiraoanus 
39 - /berus loxanus 
40 - /berus marmoratus 
44 - Rumina decollata 
45 - Cecilioides acicula 
46 - Cecilioides liesvillei 


A) Chopera 

Especie 
Cochlicopa lubrica 
Vallonia costata 
Oxychilus rateranus 
Carychium minimum 
Carychium tridentatum 
Vallonia excentrica 
Vallonia pulchella 
Oxychilus draparnaudi 
Cochlicopa lubricella 
Vertigo pygmaea 
Vertigo antivertigo 
Zonitoides nitidus 
Punctum pygmaeum 
Euconulus fulvus 
Cochlicella ventricosa 
Helix aspersa 


En resumen, 5 especies constantes, 3 
accesorias y 8 accidentales, siendo caracte- 


B) Terrenos bajos y de cultivo 
Especie 

Theba pisana 

Helicella submeridionalis 

Otala lactea 

Helicella virgata 

Helicella intersepta 

Helicella andalucica 

Helicella stiparum 

Otala punctata 

Helicella rocandioi 

Cochlicella acuta 

Helicella arigonis 

Cochlicella conoidea 

Truncatellina strobeli 

Helicella neglecta 


47 - Ferussacia abromia 

48 - Ferussacia folliculus 

49 - Ferussacia vescoi 

50 - Chondrula quadridens 

51 - Chondrula nisso 

55 - Pyramidula rupestris 

56 - Chondrina calpica calpica 
57 - Chondrina farinesii granatensis 
58 - Granopupa granum 

59 - Pupilla muscorum 

60 - Pupilla triplicata 

64 - Azeca boissyi 


De las especies que viven en este tercer 
biotopo, el 41% (15 especies) pertenecen a 
la Familia Helicidae. 

Como complemento al estudio que 
acabamos de exponer, se han analizado los 
factores de constancia y fidelidad, ob- 
teniendose en cada uno de los biotopos los 
siguientes resultados: 


Constancia (%) Fidelidad 
59,1 caracteristica 
54,5 caracteristica 
54,5 característica 
36,3 caracteristica 
27:2 caracteristica 
27,2 caracteristica 
18,1 caracteristica 
18,1 caracteristica 
10,4 caracteristica 

9,1 característica 
9,1 característica 
9,1 característica 
9,1 característica 
4,5 caracteristica 
68,3 preferente 
54,5 preferente 


risticas de este biotopo todas las especies a 
excepcion de 2, que son preferentes. 


Constancia (%) Fidelidad 
74,3 caracteristica 
28,3 característica 
21,6 caracteristica 
1241 caracteristica 

9,4 caracteristica 
9,4 caracteristica 
8,1 caracteristica 
6,7 caracteristica 
5,4 caracteristica 
4,1 caracteristica 
2,7 caracteristica 
173 caracteristica 
13 caracteristica 
1,3 característica 
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Helicella elegans 
Rumina decollata 
Helix aspersa 
Cochlicella ventricosa 


En resumen, 1 especie constante, 2 
accesorias y 15 accidentales; todas son 
especies caracteristicas de este biotopo, a 


C) Roca caliza 

Especie 
Cecilioides acicula 
Helicella horridula 
Helicella subrostrata 
Ferussacia folliculus 
Helicella cobosi 
Vitrea contracta 
/berus alonensis 
Vitrea crystallina 
Pyramidula rupestris 
Granopupa granum 
Chondrula quadridens 
Helicella huidobroi 
Pupilla muscorum 
/berus loxanus 
Cecilioides liesvillei 
/berus alcarazanus 
/berus marmoratus 
Discus rotundatus 
Helicella camporroblensis 
Pupilla triplicata 
/berus guiraoanus 
Sphincterochila candidissima 
Chondrula nisso 
Helicella stolismena 
Helicella zujarensis 
/berus alonensis minor 
Vitrea diaphana 
Chondrina farinesii granatensis 
Iberus gualtierianus 
Aegopinella pura 
Ferussacia vescoi 
Azeca boissyi 
Chondrina calpica calpica 
Ferussacia abromia 
Rumina decollata 


En resumen, 1 especie constante, 6 
especies accesorias y 28 especies acciden- 
tales; todas ellas (con excepción de Rumina 
decollata, que es preferente) son caracte- 
risticas del biotopo de roca caliza. 


DISCUSION 


Una de las cuestiones mas importantes 
planteadas durante la realización de este 
trabajo consistió en la elección de ип 
metodo estadistico que fuese apropiado 


13 caracteristica 
47,1 indiferente 
22,9 indiferente 
18,9 indiferente 


excepción de las 3 ultimas, que son 
indiferentes. 


Constancia (%) Fidelidad 
40,2 caracteristica 
38,5 característica 
29,3 característica 
29,3 caracteristica 
25 característica 
271 caracteristica 
23,9 caracteristica 
217 caracteristica 
20,6 caracteristica 
17,3 caracteristica 
16,3 caracteristica 
15,2 caracteristica 
14,1 caracteristica 
11,9 caracteristica 
11,9 caracteristica 
11,9 caracteristica 
10,8 caracteristica 

9,7 caracteristica 
8,6 caracteristica 
7,6 caracteristica 
7,6 caracteristica 
7,6 caracteristica 
4,3 caracteristica 
32 caracteristica 
3.2 caracteristica 
3,2 caracteristica 
3,2 caracteristica 
Зы caracteristica 
3,2 caracteristica 
437 caracteristica 
1,1 caracteristica 
1.1 caracteristica 
11 caracteristica 
1 caracteristica 
56,5 preferente 


para estudiar la afinidad entre especies. 
Decidimos no utilizar un Simple Match- 
ing Index porque, como indica Cameron 
(1973), este metodo solo da buenos 
resultados cuando se comparan faunas 
similares, en zonas homogéneas, circuns- 
tancias que no concurren en nuestro caso. 
Del gran numero existente de co- 
eficientes de afinidad, elegimos uno de los 
que Clifford & Stephenson (1975) con- 
sideran entre los más utilizados en estudios 
ecológicos y de taxonomía numérica: el de 


me ro nn 
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Pearson, que aporta además la ventaja de 
poder utilizar un test de significación con 
los valores obtenidos de Ф, por estar 
relacionado con el parámetro X”, como 
indican Sokal & Sneath (1963). 

El estudio estadistico ha resultado muy 
util pues, así como nos ha confirmado 
nuestra hipotesis acerca de la existencia de 
2 malacocenosis, la de chopera y la de roca 
caliza, tambien nos ha demostrado que no 
se puede considerar como tal malacocenosis 
la que suponiamos ligada a terrenos bajos y 
de cultivo. 

La representacion grafica de los re- 
sultados del estudio estadistico (Figs. 3-6) 
indica claramente la existencia de 3 grupos 
de interasociaciones entre Moluscos te- 
rrestres: 

El 12, muy bien definido, corresponde al 
biotopo de chopera, apreciandose con 
claridad la gran densidad de las inter- 
asociaciones entre las especies que viven en 
el. Esto no ocurre en el 2°, correspondiente 
a los terrenos bajos y de cultivo, siendo 
notable la densidad, muy pequeña, de estas 
interasociaciones, lo que probablemente se 
deba a la variedad de cultivos existentes en 
la zona, así como a la accion humana sobre 
ella, bien alterando la vegetación sobre la 
que viven los Moluscos o bien des- 
truyendola para evitar el perjuicio que 
puedan causar en los cultivos (acción de 
molusquicidas, quema de la vegetación de 
los linderos de terrenos de cultivo, etc.); 
por todo ello nos abstenemos, por ahora, 
de definir en el ninguna malacocenosis. 

Por ultimo, en el 3° grupo, que со- 
rresponde al biotopo de roca caliza, si bien 
la representacion grafica de las inter- 
asociaciones no está tan perfectamente 
delimitada como en el 12, probablemente 
por ser un biotopo menos homogeneo que 
el de chopera, si es suficientemente idonea 
como para considerar que existe una mala- 
cocenosis ligada a este biotopo. 

A la vista de todo ello, concluimos que 
en la Depresion de Granada existen 2 
malacocenosis de Moluscos terrestres, la de 
chopera y la de roca caliza, siendo la de 
chopera la mejor definida; estas 2 malaco- 
cenosis estan formadas por las siguientes 
especies: 


Malacocenosis de chopera: 

1 - a) Caracteristicas constantes: 
Cochlicopa lubrica, Vallonia costata y 
Oxychilus rateranus. 


b) Caracteristicas accesorias: 
Carychium minimum,  Carychium 
tridentatum y Vallonia excentrica. 

c) Caracteristicas accidentales: 
Vallonia pulchella, Oxychilus dra- 
parnaudi, Cochlicopa lubricella, Ver- 
tigo pygmaea, Vertigo antivertigo, 
Zonitoides nitidus, Punctum pyg- 
maeum y Euconulus fulvus. 

2 - Preferentes: 

Cochlicella ventricosa y Helix aspersa. 


Malacocenosis de roca caliza: 

1 - a) Caracteristicas accesorias: 
Cecilioides acicula, Helicella ho- 
rridula, Helicella subrostrata, Ferus- 
sacia folliculus, Helicella cobosi y 
Vitrea contracta. 

b) Caracteristicas accidentales: 

lberus alonensis, Vitrea crystallina, 
Pyramidula rupestris, Granopupa gra- 
num, Chondrula quadridens, Helicella 
huidobroi, Pupilla muscorum, Iberus 
loxanus, Cecilioides- liesvillei, Iberus 
alcarazanus, lberus marmoratus, Dis- 
cus rotundatus, Helicella camporro- 
blensis, Pupilla triplicata, Iberus guirao- 
anus, Sphincterochila candidissima, 
Chondrula nisso, Helicella stolismena, 
Helicella zujarensis, Iberus alonensis 
minor, Vitrea diaphana, Chondrina 
farinesii granatensis, Iberus qualtie- 
rianus, Aegopinella pura, Ferussacia 
abromia, Ferussacia vescoi, Azeca 
boissyi y Chondrina calpica calpica. 

2 - Preferentes: 
Rumina decollata. 
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LAS MALACOCENOSIS DE GRANADA (ESPAÑA) 
ABSTRACT 


ESSAY ON THE TERRESTRIAL MALACOCOENOSES IN 
THE GRANADIAN DEPRESSION (SPAIN) 


M. R. Alonso 


The purpose of this work is the application of a mathematical method to delimit 
malacocoenoses in areas where, due to the impossibility of carrying out homogeneous 
sampling, only the presence or absence of the different species can be used. 

The idea of using this method arose in the course of preparing a catalogue of the 
molluscan fauna of the Depression of Granada (Spain). | was collecting land and freshwater 
material from 221 stations, 176 of which are represented in this study. | visited each station 
2 to 3 times during 1 year. The areas collected at each station were 5-10 m? in black poplar 
groves to more than 100 т? in mountainous regions (calcareous rock). Slugs were eliminated 
from the statistical analysis in order to reduce to a minimum the error which would be 
incurred by overlooking a species. This is because slugs are basically nocturnal and, as | 
collected during the day, | could have missed some species. The study is based on living 
material. 

Generally, the malacocoenoses have been established through observations directly 
connected with humidity, temperature, vegetation, etc. (Germain, 1930; Grossu, 1973 and 
1974; Schmid, 1966; Schnetter & Schmid, 1971), although in some later works, e.g. 
Cameron (1973), 3 types of mollusc fauna are described whose affinities have been 
established by means of a Simple Matching Index. Nevertheless, Cameron points out that the 
application of this method is useful only when the faunas being compared are similar, a 
situation which does not occur in this case. We consider it important to use a statistical 
method which renders personal observations objective. Not finding any concrete precedence 
for this type of study applied to molluscs, we decided to use one of those already existing in 
the study of insects and to see if its application was feasible. 

As the collecting areas differed (road-drains, edges of cultivated lands, rock-cavities, black 
poplar groves, etc.) recollection methods were not uniform, and thus | could not calculate 
the individual density by superficial unity nor by frequency. This prevented a quantitative 
evaluation of the results, due to the fact that the only useful data were the presence or 
absence of the various species. For that reason | looked for a method by which | could, with 
this limitation, find an affinity coefficient between species. | selected that of Bonnet et al. 
(1970) as most suitable. This method, used in the study of Collembola, has the advantage of 
not needing a previous frequency calculation or the use of Pearson's affinity coefficient, 
which is related to the parameter X?. The graphic representation employed in this method 
can be very complicated when a high number of species exists, as happens in our case. 
Therefore | use an easier one, that of Dajoz (1971). The application of these methods in the 
Depression of Granada has been successful, allowing me to establish 2 malacocoenoses: one 
in black poplar and another in calcareous rock areas. | abstain from determining any 
malacocoenoses in the lowlands and cultivated lands because of the low density of the 
interassociations among the species that exist within them. 
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INDEX TO SCIENTIFIC NAMES IN 
VOL. 16 NO. 2 


Vol. 16 No. 1, was indexed on pp. 319-331. Hoagland's article on Crepidula was separately 
indexed on pp. 418-420. An asterisk (*) denotes a new taxon. 


abromia, Ferussacia, 570,573-575 
Achatina 

fulica, 457 
acicula, Cecilioides, 570,573-575 
Acroloxidae, 458 
Acroloxus, 457, 458, 461, 463-466 

lacustris, 458, 459, 461, 463 
acuta, Cochlicella, 568, 572, 573 
*acuta, Doto, 467-499 (*468-471) 
acuta, Physa, 458, 461 
acuminata, Pharella, 501 
adolfi, Helicella, 568,571,572 
Adula, 508, 511, 514 
Aegopinella 

pura, 567,572,574,575 
aenigmatica, Enigmonia, 501, 506, 514 
affinis longisinuatus, Tagelus, 336 
africanus, Bulinus, 549-560 
Afropisidium, 452 
alba, Avicennia, 503 
alba, Sonneratia, 503 
alba, Tellina, 347 
Albea 

candidissima, 568 
alcarazanus, Iberus, 569, 573-575 
alonensis, lberus, 569, 573-575 
americanus, Modiolus, 513 
Ampullariidae, 541, 557 
Amygdalum, 501,513 
Anadara 

granosa, 501 
Ancylidae, 458 
Ancylus 

fluviatilis, 458, 461 
andalucica, Helicella, 568, 572,573 
angularis, “Viviparus, “519 
antennina, Nemertesia, 472, 481, 485 
antivertigo, Vertigo, 571-573,575 
apiculata, Rhizophora, 503 
Archachatina 

marginata, 457 
Arcuatula, 511,513 

demissa, 511,513,514 
arigonis, Helicella, 568, 572,573 
Arion 

ater, 465 

circumscriptus, 465 

rufus, 457 
armoricana, Doto, 477 
Asaphidae, 334 
Asaphis, 334 
aspersa, Helix, 457, 569, 572-575 
ater, Arion, 465 
atratus, Brachidontes, 501, 513 
aurea, Doto, 489 
aurita, Doto, 480, 489 
Australorbis 

glabratus, 542, 546 
Avicennia 

alba, 503 

intermedia, 503 


Azeca 
boissyi, 571, 573-575 
Azorinus, 349 


balthica, Macoma, 347, 351 
Basommatophora, 457-466, 571 
belcherii, Crassostrea, 503 
Bellamya, 535, 538 
capillatus, 535 
sumatrensis, 531,532 
unicolor, 531, 532, 535, 538 
Bellamyinae, 538, 539 
bengalensis, Viviparus, 531,532, 535 
Biomphalaria 
glabrata, 549, 554, 555, 557 
straminaea, 458 
Bivalvia, 351, 501, 515 
biwaense, Musculium japonicum, 426, 427 
boissyi, Azeca, 571, 573-575 
Botula, 511 
Brachidontes, 501,513 
atratus, 501, 513 
citrinus, 513 
variabilis, 501,513 
Bulinidae, 458 
Bulininae, 555 
Bulinus, 458, 463 
africanus, 549-560 
globosus, 458, 557 
nasutus, 549, 555 
truncatus, 458, 461 
Byssanodonta, 421, 422 


californianus, Tagelus, 340, 347, 348 
calpica, Chondrina, 570, 573-575 
Calyptraea 
sinensis, 463 
Campeloma, 519, 533, 535-538 
coarctatum, 531-533 
geniculum, 519-540 
integrum, 531-533, 535 
leptum, 533 
ponderosum, 531-533 
rufum, 519,532,533 
subsolidum, 531, 532 
tannum, 533 
Campelominae, 538, 539 
camporroblensis, Helicella, 568, 573-575 


candidissima, Sphincterochila, 568, 573-575 


Candidula 
andalucica, 568 
camporroblensis, 568 
intersepta, 568 
rocandioi, 568 
capillatus, Bellamya, 535 
capillatus, Viviparus, 531, 532 
Carychium 
minimum, 571-573, 575 
tridentatum, 571-573, 575 
casertanum, Pisidium, 452 
Caulerpa 
freycinetti, 503 


(579) 
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Cecilioides 
acicula, 570,573-575 
liesvillei, 570, 573-575 
centimetralis, Tropicorbis, 557 
Cepaea 
hortensis, 541 
Cernuella 
virgata, 568 
ceylonica, Paludina, 531,532 
Chaetogaster, 550 
Chamidae, 514 
chica, Doto, 432 
Chondrina 
calpica, 570, 573-575 
farinesii, 570, 573-575 
granatensis, 570, 573-575 
Chondrinidae, 570 
Chondrininae, 566 
Chondrula 
nisso, 570, 573-575 
quadridens, 570, 573-575 
cinerea, Doto, 489, 492 
Cipangopaludina, 535, 538 
circumscriptus, Arion, 465 
citrinus, Brachidontes, 513 
Cleidothaeridae, 514 


coarctatum, Campeloma ponderosum, 531-533 


cobosi, Helicella, 569, 573-575 
Cochlicella 

acuta, 568, 572, 573 

conoidea, 568, 572,573 

ventricosa, 568, 572-575 
Cochlicopa 

lubrica, 571-573, 575 

lubricella, 571-573, 575 
Cochlicopidae, 571 
Collembola, 577 
compressum, Pisidium, 430 
conoidea, Cochlicella, 568, 572,573 
contectus, Viviparus, 532, 533, 535, 538 
contracta, Vitrea, 567,572, 574,575 
conventus, Pisidium, 449 
coquimbensis, Solecurtus, 335 
coquimbensis, Tagelus, 335 
corneum, Sphaerium, 421-455 
cornuarietis, Marisa, 541-548 
coronata, Doris, 472, 476 
coronata, Doto, 467-499 
coronata, Melibaea, 472 
coronata, Tergipes, 472 
coronata, Tritonia, 472 
costata, Vallonia, 570,572,573,575 
crassa, Tellina, 345 
Crassostrea 

belcherii, 503 

cucullata, 513 
Crepidula, 418-420 (index) 
Cryptomphalus 

aspersa, 569 
crystallina, Vitrea, 567, 572, 574, 575 
cucullata, Crassostrea, 513 
Cultellidae, 341, 342, 348 
Cultellus 

pellucidus, 341, 342, 348 
cuspidata, Doto, 467-499 
Cyclas 

forbesii, 439 
Cyclocalyx, 449, 451-453 
Cymodocea, 474 
decollata, Rumina, 570, 573-575 
demissa, Arcuatula, 511, 513, 514 
demissus, “Modiolus,” 511,513, 514 
Dendronotoidea, 468 
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Deroceras 

reticulatum, 465 
diaphana, Vitrea, 567, 572, 574, 575 
diphos, Sanguinolaria, 347 
diphos, Soletellina, 347 
Discus 

rotundatus, 567, 573-575 
divisus, Mesopleura, 343 
divisus, Tagelus, 343 
doerga, Doto, 467, 492, 493, 495, 498 
dombeii, Psammosolen, 355 
dombeii, Silicuaria, 355 
dombeii, Solen, 335 
dombeii, Tagelus, 333-352 
dombeyi, Mesopleura, 335 
dombeyi, Solecurtus, 335 
dombeyi, Solecurtellus, 335 
dombeyi, Tagelus, 335 
Donacidae, 341, 347-349, 351 
Donax, 343, 347, 348, 349, 351 

faba, 346 

gouldi, 339 

vittatus, 341, 343, 348 
Doris 

coronata, 472, 476 

maculata, 488 

pinnatifida, 485, 488 
Dotidae, 468 
Doto, 467-499 

*acuta, 467-499 (*468-471) 

armoricana, 477 

aurea, 489 

aurita, 480, 489 

chica, 482 

cinerea, 489, 492 

coronata, 467-499 

cuspidata, 467-499 

doerga, 467, 492, 493, 495, 498 

floridicola, 467-499 

fragilis, 467-499 

nigra, 488 

nipponensis, 482 

onusta, 480 

papillifera, 488 

paulinae, 467-499 

pinnatifida, 467-499 

pinnigera, 480 

rosea, 467-499 

splendida, 472, 476, 488 

styligera, 484, 485 

umia, 482 
Dotonidae, 468 


draparnaudi, Oxychilus, 567, 572, 573, 575 


Dreissenacea, 501, 513, 515 
edulis, Mytilus, 513 
elegans, Helicella, 568,572,574 
Ellobiidae, 571 
Endodontidae, 567 
Enidae, 570 
Enigmonia 

aenigmatica, 501,506, 514 
Enteromorpha, 503 
erosa, Geloina, 501 
erosa, Polymesoda, 501 
Euconulus 

fulvus, 567, 572, 573, 575 
Eudendrium, 489 
Eulamellibranchia, 347,515 
Eupera, 421 
excentrica, Vallonia, 570,572,573,575 
faba, Donax, 346 
fabale, Sphaerium, 421-456 
farinesii, Chondrina, 570,573-575 
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Ferussacia 

abromia, 570,573-575 

folliculus, 570,573-575 

vescoi, 570, 573-575 
Ferussaciidae, 570 
Filopaludina, 538 

sumatrensis, 530-532 
floridicola, Doto, 467-499 
fluviatilis, Ancylus, 458, 461 
folliculus, Ferussacia, 570,573-575 
forbesii, Cyclas, 439 
forbesii, Sphaerium, 421-455 
fortunei, Limnoperna, 506, 511,514 
fragilis, Doto, 467-499 
fragilis, Meliboea, 480 
freycinetti, Caulerpa, 503 
fulica, Achatina, 457 
fulvus, Euconulus, 567,572, 573, 575 
galloprovincialis, Mytilus, 511 
Gari, 334, 347, 348, 351 

tellinella, 339, 341, 343, 345, 348 

togata, 346 
Garidae, 334 
Gastropoda, 467, 498, 549, 567 
Gastrotriteia, 511 
Geloina, 501 

erosa, 501 
geniculata, Obelia, 470-472, 474, 476, 432 
geniculum, Campeloma, 519-540 
georgianus, Viviparus, 519-540 
glabrata, Biomphalaria, 549, 554, 555, 557 
glabratus, Australorbis, 542, 546 
Glauconome 

rugosa, 501 
globosa, Pila, 555 
globosus, Bulinus, 458, 557 
Gomphroa 

boissyi, 571 
Goniodiscus 

rotundatus, 567 
gouldi, Donax, 339 


granatensis, Chondrina farinesii, 570, 573-575 


Granopupa 
granum, 571, 573-575 
granosa, Anadara, 501 
granum, Granopupa, 571, 573-575 
gualtierianus, lberus, 569, 573-575 
guiraoanus, lberus, 569, 573-575 
Halophila 
ovalis, 503 
hawnii, Physa, 545 
Helicella, 566, 572 
adolfi, 568, 571,572 
andalucica, 568, 572,573 
arigonis, 568, 572, 573 
camporroblensis, 568, 573-575 
cobosi, 569, 573-575 
elegans, 568, 572,574 
horridula, 569, 573-575 
huidobroi, 569, 573-575 
intersepta, 568, 572, 573 
neglecta, 568, 572,573 
reboudiana, 568, 573 
rocandioi, 568, 572, 573 
stiparum, 568, 572, 573 
stolismena, 568, 573-575 
submeridionalis, 569, 572, 573 
subrostrata, 569, 573-575 
virgata, 568, 572,573 
zujarensis, 568, 573-575 
Helicidae, 568, 572, 573 
Helix 


aspersa, 457,569, 572-575 
pomatia, 457,541, 555 
Heterodonax, 334 


horridula, Helicella, 569, 573-575 


hortensis, Cepaea, 541 


huidobroi, Helicella, 569, 573-575 
hydrophyllacea, Scyphiphora, 503 


/berus, 566 
alcarazanus, 569, 573-575 
alonensis, 569, 573-575 
gualtierianus, 569, 573-575 
guiraoanus, 569, 573-575 
loxanus, 569, 573-575 
marmoratus, 569, 573-575 
minor, 569, 573-575 
Idiopoma, 535, 538 
pilsbryi, 535 


integrum, Campeloma, 531-533, 535 


intermedia, Avicennia, 503 


intersepta, Helicella, 568, 572, 573 


intertextus, Viviparus, 535 
Isochrysis, 488 
Jabalconia 

zujarensis, 568 
Jaminia 

nisso, 570 

quadridens, 570 
japonicum, Musculium, 421-455 
javanica, Pharella, 503 
Kirchenpaueria, 472 
lactea, Otala, 569, 572, 573 
lacustre, Musculium, 421-455 


lacustris, Acroloxus, 458, 459, 461, 463 


lacustris, Tellina, 451 
Laternula 

truncata, 501 
leptum, Campeloma, 533 


liesvillei, Cecilioides, 570, 573-575 
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Limnoperna, 501,505, 506, 508, 511, 514, 515 


fortunei, 506,511,514 
Lioplacinae, 519, 537-539 
Lioplax, 519, 533, 535-538 

pilsbryi, 519-540 

subcarinata, 531-533 

sulculosa, 533 

wisconsinensis, 533 
Lithophaga, 509, 511,513 
littorea, Littorina, 546, 547 
Littorina 

littorea, 546, 547 
longisinuatus, Tagelus, 333-352 
loxanus, Iberus, 569, 573-575 


lubrica, Cochlicopa, 571-573, 575 
lubricella, Cochlicopa, 571-573, 575 


Lymnaea, 457, 458, 461, 463 
stagnalis, 458, 459, 461 
Lymnaeidae, 458 
Macoma 
balthica, 347, 351 
“Macoma” 
“secta,” 339, 341 
Mactra 
solidissima, 339 
maculata, Doris, 488 


mamillanum, Sphaerium corneum, 436 


mansoni, Schistosoma, 542 
Margarya, 535,538 
marginata, Archachatina, 457 
Marisa, 541-548 

cornuarietis, 541-548 


marmoratus, Iberus, 569, 573-575 
martensi, Siamopaludina, 530-532 
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Melibaea 

coronata, 472 
Meliboea 

fragilis, 480, 482 

pinnatifida, 480 
Mesopleura, 335 

divisus, 343 

dombeyi, 335 

politus, 336 
metcalfei, Modiolus, 501-517 
Microxeromagna 

stolismena, 568 
minimum, Carychium, 571-573, 575 
minor, lberus alonensis, 569, 573-575 
Modiolus, 501-517 

americanus, 513 

metcalfei, 501-517 

modiolus, 514 

philippinarum, 513 

vagina, 513 
“Modiolus”” 

demissus, 511,513,514 
modiolus, Modiolus, 514 
Mollusca, 468 
Monostroma, 503 
muscorum, Pupilla, 571, 573-575 
Musculista, 501, 505, 508, 511, 513, 514 

senhausia, 504, 513, 514 
Musculium, 421-455 

biwaense, 426, 427 

japonicum, 421-455 

lacustre, 421-455 

novaezelandiae, 421-455 

partumeium, 421-455 

securis, 421-455 

tasmanicum, 421-455 

transversum, 421-455 
Musculus, 501,509, 513, 514 
Mytilacea, 501, 505, 511, 513, 514, 515, 516 
Mytilus, 501, 505, 509, 511, 513, 514 

edulis, 513 

galloprovincialis, 511 


nasutus, Physopsis, 549, 555 
neglecta, Helicella, 568, 572, 573 
Nemertesia, 477, 482, 488 

antennina, 472, 481, 485 

ramosa, 478 
Neopisidium, 452, 453 

conventus, 449 
nigra, Doto pinnatifida, 488 
nipponensis, Doto fragilis, 482 
nisso, Chondrula, 570, 573-575 
nitidissima, Siliquaria, 335 
nitidum, Sphaerium, 421-455 
nitidus, Zonitoides, 567, 572, 573, 575 
Novaculina, 348, 349 
Novaculininae, 343, 348, 349, 351 
novaezelandiae, Musculium, 421-455 
novaezelandiae, “Sphaerium,” 446, 448 
nucleus, Sphaerium corneum, 436 
Nudibranchia, 467, 493, 498 


Obelia, 468, 470, 471 

geniculata, 470-472, 474, 476, 482 
occidentale, Sphaerium, 421-455 
Odhneripisidium, 452 
Omphalotropis, 503 
onusta, Doto, 480 
Opisthobranchia, 468 
Ortizius 

rateranus, 567 
Ostreidae, 514 
Otala 


lactea, 569, 572, 573 

punctata, 570, 572, 573 
ovalis, Halophila, 503 
ovata, Pila, 555 
Oxychilus 

draparnaudi, 567, 572, 573, 575 

rateranus, 567, 572, 573, 575 
palawaensis, Sesarma, 503 
Paludina, 531,532 

ceylonica, 531, 532 

vivipara, 531,532 
paludosa, Pomacea, 541-548 
papillifera, Doto pinnatifida, 488 
Parapisidium, 452 
partumeium, Musculium, 421-455 
patella, Sphaerium, 421-455 
paulinae, Doto, 467-499 
Pectinidae, 514 
pellucidus, Cultellus, 341,342, 348 
Perna, 511 

viridis, 503 
Pharella 

acuminata, 501 

javanica, 503 
Pharus, 349 
philippinarum, Modiolus, 513 
Physa 

acuta, 458, 461 

hawnii, 545 

virginiana, 546 
Physidae, 458 
Physopsis 

africanus, 549-560 

globosus, 557 

nasutus, 549, 555 
Pila 

globosa, 555 

ovata, 555 

virens, 555 
pilsbryi, Idiopoma, 535 
pilsbryi, Lioplax, 519-540 
pinnatifida, Doris, 485, 488 
pinnatifida, Doto, 467-499 
pinnatifida, Meliboea, 480 
pinnatifida, Tritonia, 485 
pinnigera, Doto, 480 
pisana, Theba, 570, 572,573 


Pisidium, 421, 422, 424, 431, 433, 439, 450-453 


casertanum, 452 

compressum, 430 

conventus, 449 

titicacense, 439 
Planorbidae, 458, 463, 549, 555, 557 
Planorbinae, 555 
Plumularia, 472 
politus, Mesopleura, 336 
politus, Tagelus, 336 
Polymesoda 

erosa, 501 
Pomacea, 541-548 

paludosa, 541-548 

urceus, 546, 547 
pomatia, Helix, 457,541, 555 
ponderosum, Campeloma, 531-533 
Prosobranchia, 541, 555 
Psammobia, 334 
Psammobiidae, 334, 341, 347-349, 351 
Psammosolen 

dombeii, 335 
pulchella, Vallonia, 570, 572, 573, 575 
Pulmonata, 549, 567 
punctata, Otala, 570, 572, 573 
Punctum 
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pygmaeum, 567,572,573,575 
Pupilla 

muscorum, 571, 573-575 

triplicata, 571, 573-575 
Pupillidae, 571 
pura, Aegopinella, 567, 572, 574, 575 
pygmaea, Vertigo, 571-573, 575 
pygmaeum, Punctum, 567, 572, 573, 575 
Pyramidula 

rupestris, 570,573-575 
quadridens, Chondrula, 570,573-575 
ramosa, Nemertesia, 478 
rateranus, Oxychilus, 567, 572, 573, 575 
reboudiana, Holicella, 568, 573 
геиси!а ит, Deroceras, 465 
Rhizophora 

apiculata, 503 
rhomboideum, Sphaerium, 421-455 
rivicola, Sphaerium, 421-455 
rocandioi, Helicella, 568, 572, 573 
rosea, Doto, 467-499 
rotundatus, Discus, 567,573-575 
rufum, Campeloma, 519, 532,533 
rufus, Arion, 457 
rugosa, Glauconome, 501 
Rumina 

decollata, 570,573-575 
rupestris, Pyramidula, 570, 573-575 
Sanguinolaria, 334 

diphos, 347 
Sanguinolariidae, 334, 348 
Sargassum, 467 
Schistosoma 

mansoni, 542 
scopula, Solecurtus, 341, 348 
Scrobiculariidae, 347, 349 
Scyphiphora 

hydrophyllacea, 503 
“secta, Macoma,” 339, 341 
securis, Musculium, 421-455 
Semele, 340 
Semelidae, 347, 349, 351 
senhausia, Musculista, 504,513,514 
Septifer, 501,514 
sesarma 

palawaensis, 503 

versicolor, 503 
Siamopaludina 538 

martensi, 530-532 
Silicuaria 

dombeii, 335 
Siliquaria 

nitidissima, 335 
simile, Sphaerium, 421-455 
sinensis, Calyptraea, 463 
Sinonovacula, 348, 349 
Solecurtellus, 335 

dombeyi, 335 


Solecurtidae, 333, 334, 341, 347, 348, 351 


Solecurtinae, 348 


Solecurtus, 334, 339, 341-343, 348, 349, 351 


coquimbensis, 335 

dombeyi, 335 

scopula, 341, 348 
Solen 

dombeii, 335 
Solenidae, 334, 341, 342, 348 
Solenocurtellus, 335 

dombeyi, 335 
Soletellina 

diphos, 347 
solidissima, Mactra, 339 


solidum, Sphaerium, 421-456 
Sonneratia 

alba, 503 
Sphaeriidae, 421-455 
Sphaerium, 421-455 

corneum, 421-455 

fabale, 421-455 

forbesii, 421-455 

mamillanum, 436 

nitidum, 421-455 

nucleus, 436 

occidentale, 421-455 

patella, 421-455 

rhomboideum, 421-455 

rivicola, 421-455 

simile, 421-455 

solidum, 421-455 

striatinum, 421-455 
“Sphaerium” 

novaezelandiae, 446, 448 
Sphincterochila 

candidissima, 568, 573-575 
Sphincterochilidae, 566, 568 
splendida, Doto, 472,476, 488 
stagnalis, Lymnaea, 458, 459, 461, 463 
stiparum, Helicella, 568,572,573 
stolismena, Helicella, 568, 573-575 
straminaea, Biomphalaria, 458 
striatinum, Sphaerium, 421-455 
strigata, Succinea, 546 
strobeli, Truncatellina, 571-573 
styligera, Doto, 484, 485 
Stylommatophora, 567 
subcarinata, Lioplax, 531-533 
submeridionalis, Helicella, 569, 572, 573 
subpurpureus, Viviparus, 531-533, 535 
subrostrata, Helicella, 569, 573-575 
subsolidum, Campeloma, 531, 532 
Subulinidae, 570 
Succinea 

strigata, 546 
sulculosa, Lioplax, 533 
sumatrensis, Bellamya, 531,532 
sumatrensis, Filopaludina, 530-532 
Tagelus, 333-352 

affinis, 336 

californianus, 340, 347, 348 

coquimbensis, 335 

divisus, 343 

dombeii, 333-352 

dombeyi, 335 

longisinuatus, 333-352 

politus, 336 
Taia, 535, 538 
tannum, Campeloma, 533 
tasmanicum, Musculium, 421-455 
Tellina 

alba, 347 

crassa, 345 

lacustris, 451 

tenuis, 343, 351 
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Tellinacea, 333, 334, 339-342, 345-349, 351, 352 


tellinella, Gari, 339, 341, 343, 345, 348 
Tellinidae, 347, 348, 349, 351 
tenuis, Tellina, 343, 351 
Tergipes 
coronata, 472 
Thalassia, 513 
Theba 
pisana, 570, 572,573 
titicacense, Pisidium, 439 
togata, Gari, 346 


584 


transversum, Musculium, 421-455 
tridentatum, Carychium, 571-573,575 
triplicata, Pupilla, 571,573-575 
Tritonia 
coronata, 472 
pinnatifida, 485 
Trochoidea 
elegans, 568 
Tropicorbis 
centimetralis, 557 
straminaea, 458 
truncata, Laternula, 501 
Truncatellina 
strobeli, 571-573 
truncatus, Bulinus, 458, 461 
Tulotoma, 519, 537, 538 
umia, Doto fragilis, 482 
unicolor, Bellamya, 531, 532,535, 538 
urceus, Pomacea, 546, 547 
vagina, Modiolus, 513 
Vallonia 
costata, 570, 572, 573, 575 
excentrica, 570, 572,573, 575 
pulchella, 570, 572, 573, 575 
Valloniidae, 570 
variabilis, Brachidontes, 501,513 
ventricosa, Cochlicella, 568, 572-575 
versicolor, Sesarma, 503 
Vertiginidae, 571 
Vertigo 
antivertigo, 571-573, 575 
pygmaea, 571-573, 575 
vescoi, Ferussacia, 570, 573-575 
virgata, Helicella, 568, 572, 573 
virginiana, Physa, 546 
virens, Pila, 555 
viridis, Perna, 503 
Vitrea 
contracta, 567, 572, 574, 575 
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crystallina, 567,572,574,575 
diaphana, 567,572,574,575 
vittatus, Donax, 341,343, 348 
Vivipara, 531, 532 
vivipara, Paludina, 531, 532 
Viviparidae, 519 
Viviparinae, 519,537-539 
Viviparus, 519, 533, 535-538 
bengalensis, 531, 532, 535 
capillatus, 531,532 
contectus, 532, 533, 535, 538 
georgianus, 519-540 
intertextus, 535 
subpurpureus, 531-533, 535 
viviparus, 530-533, 535, 538 
“Viviparus” 
angularis, 519 
viviparus, Viviparus, 530-533, 535, 538 


Wisconsinensis, Lioplax subcarinata, 533 


Xenostrobus, 511,514,515 
Xerocincta 
neglecta, 568 
Xeromagna 
adolfi, 568 
arigonis, 568 
reboudiana, 568 
submeridionalis, 569 
subrostrata, 569 
Xeroplexa 
cobosi, 569 
Xerotricha 
horridula, 569 
huidobroi, 569 
Zonitidae, 566, 567 
Zonitoides 
nitidus, 567,572, 573, 575 
Zostera, 474 
zujarensis, Helicella, 568, 573-575 
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INSTRUCTIONS FOR AUTHORS 


MALACOLOGIA publishes original 
studies on the Mollusca that are of inter- 
national interest and are of high scholarly 
standards. Both descriptive and experi- 
mental research results are acceptable pro- 
vided they are primarily or exclusively 
concerned with the phylum. Contributions 
include long monographs as well as moder- 
ately short research papers. Brief papers are 
not acceptable. MALACOLOGIA provides a 
forum for such different aspects of 
malacology as anatomy, comparative 
physiology, ecology, medical. malacology, 
paleontology and systematics. Papers of 
only biochemical or physiological interest 
should be submitted elsewhere. Review 
articles are more appropriately submitted 
to Malacological Review (P.O. Box 801, 
Whitmore Lake, Michigan 48189, U.S.A.). 
All manuscripts submitted are reviewed by 
at least 2 malacologists. Articles are 
accepted with the firm understanding that 
they have not been submitted or published 
elsewhere in whole or in part. 

Manuscripts may be in English, French, 
German or Spanish, and should follow 
MALACOLOGIA style. They must contain 
a concise but informative Abstract sum- 
marizing not only the content but the 
results. Papers in languages other than 
English should include a translation of the 
Abstract into English. Authors desiring 
their abstracts translated into other 
languages must provide these. Care should 
be taken to include all necessary foreign 
accents. Manuscripts must be typed on one 
side of good quality white paper, double- 
spaced throughout, with ample margins, 
and are to be submitted in triplicate. 
Illustrations are likewise to be in triplicate 
(the 2 copies may be photocopies, etc.). 
Tables, figure captions and all footnotes are 
to be grouped (in this order) at the end of 
a manuscript, and all Ms pages (including 
the Abstract) are to be numbered se- 
quentially. Avoid internal page references 
(which have to be added in page proof). 
Make the hierarchy of headings within the 
text simple and consistent. Suggest an ab- 
breviated running title to be used at the 
top of each right hand page. 

Contributors in English are asked to use 
the Council of Biology Editors (CBE) Style 
Manual (Ed. 3, 1972), obtainable for $6.00 
from the American Institute of Biological 
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Sciences, 1401 Wilson Boulevard, Arling- 


ton, Virginia 22209, U.S.A. MALA- 
COLOGIA follows most of the recommend- 
ations in this Manual. In particular, 


simplified practices such as the following 
are used: numbers should not be written 
out except at the beginning of a sentence; 
percentages following a number are ex- 
pressed as %, and abbreviations of measures 
(after a number): mm, ml, kg, etc. have no 
period (full stop), nor an “s'” in the plural. 
Note that the international symbol for 
micron is now um, not и. 

Illustrations must be carefully prepared 
and so planned that they can be printed in 
1 column or the full width of a page of the 
journal. The maximum size of a printed 
figure is 13.5Х 20.0 cm (preferably not as 
high as this so that the caption does not 
have to be on the opposite page). Drawings 
and lettering must be in dark black on 
white, blue tracing, or blue-lined paper. 
Lines and dots should be thick enough to 
allow reduction by 1/2 or 1/3. This should 
be taken into consideration also in relation 
to the lettering. Letters and numbers must 
not be less than 2 mm in height, preferably 
larger, after reduction. Several drawings or 
photographs may be grouped together to 
fit a page, but drawings are not to be 
grouped with photographs. Photographs are 
to be glossy and high contrast. All 
illustrations are to be numbered 
sequentially as figures (not grouped as 
plates), and are to be arranged as closely as 
possible to the order in which they are first 
cited in the text. (Each figure must be 
cited in the text.) All original illustrations 
should be mounted, numbered, labeled or 
lettered and ready for the engraver. Scale 
lines are required for all figures and should 
be convenient lengths (e.g., "200 um”, not 
“163 um’’). Magnifications in captions are 
not acceptable, and neither are photo- 
graphic reductions of line drawings. 

Captions should summarize what is 
shown in an illustration, and should not 
duplicate additional information given in 
the text. Each lettered abbreviation labeling 
an individual feature in a figure must either 
be explained in each caption (listed alpha- 
betically), or be grouped in one alphabetic 
sequence in a section near the beginning of 
the text (use the latter method if many 
abbreviations are repeated on different 
figures). 

Tables are to be used sparingly, and 


should be planned to fit 1 or 2 columns on 
1 page. Each table must be submitted 
double-spaced throughout on a separate 
manuscript page. Do not use vertical lines. 

All References cited in the text must be 
listed (bibliographies including uncited 
items are unacceptable). Each reference 
should be cited accurately (the Editors will 
spot check for accuracy) and should be in 
the style used in recent issues of MALA- 
COLOGIA--except that beginning with Vol. 
16 journal titles will be cited complete and 
unabbreviated. For all manuscripts sub- 
mitted henceforth, disregard the abbrevi- 
ations in MALACOLOGIA, 1972, 11(2): 
415-426. The journal uses the ampersand 
(&) for “and”; “et al.” may be used in the 
text, but not in the References. In addition 
to the volume number, complete page 
numbers of articles and books must be 
cited. If plates or maps, etc., are not 
included in the pagination they too must 
be cited. For books, the publisher and city 
are required. In systematic papers, 
synonymies should not give complete cita- 
tions but should relate by author, date and 
page to the References. 

Voucher specimens. In systematic 
papers, all new type-specimens must be 
deposited in museums where they may be 
consulted by other scientists. Beginning 
with Vol. 16 and when appropriate, 
MALACOLOGIA will also require that 
voucher specimens from other kinds of 
research be deposited in museums. 

Reprints. Authors will receive 25 re- 
prints gratis; additional copies may be 
ordered at the time proof is returned to 
the Editorial Office. Later orders cannot be 
considered. 


PAGE COSTS 


MALACOLOGIA requests authors with 
grant support to help pay publication costs. 
MALACOLOGIA requires subsidization for 
extra long papers. 


SUBSCRIPTION COSTS 


For Vol. 17, personal subscriptions are 
U.S. $12.00 and institutional subscriptions 
are U.S. $20.00. For information on Vol. 
18, address inquiries to the Subscription 
Office. 
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